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Molluscan Mariculture in the 
Greater Caribbean: An Overview 


DARRYL E. JORY and EDWIN S. IVERSEN 


Introduction 


This paper reviews the history and 
current status of both experimental and 
commercial molluscan mariculture in 
the greater Caribbean area (Fig. 1). Sea- 
food is and has been a staple for Carib- 
bean people since pre-Columbian times. 


In many areas, however, seafood de- 
mand exceeds both the current catch and 
potentially available resources. A recent 
review of eastern Caribbean fisheries by 
Olsen et al. (1984) incorporated land 
area, human population, shelf area, 
number of tourists, and fish landings by 
island/nation. These figures, together 





ABSTRACT—Marine mollusks suitable for 
mariculture in the Caribbean area have 
received increased attention in recent years 
in an effort to produce more seafood for in- 
habitants of the area. However, molluscan 
mariculture in the Caribbean is still, with 
a few exceptions, in its infancy when com- 
pared with these activities elsewhere. Pilot 
and commercial culture operations for 
American oysters, Crassostrea virginica, and 
mangrove oysters, C. rhyzophorae, exist in 
Jamaica, Cuba, Venezuela, and Mexico, and 


for rock mussels, Perna perna, in Venezuela. 
Extensive research has been carried out on 
the mariculture potential of the queen conch, 
Strombus gigas, with experimental hatch- 
eries in some countries (more are under con- 
struction or planned), and a commercial 
hatchery is already operating in Turks and 
Caicos. The culture potential of several 
mollusks in the Caribbean, including native 
and exotic species, and several problems im- 
peding increase in molluscan culture in the 
Caribbean are discussed. 


with total seafood consumption rates 
(local residents and tourists), permitted 
a comparison between island-shelf 
potential yield and demand for marine 
protein in the Caribbean which revealed 
that: 


1) Only a few of the eastern island na- 
tions are currently supplying their own 
seafood demand, 

2) The current demand for seafood in 
the area is about 775,000 metric tons (t), 
which greatly exceeds both current 
landings of about 87,000 t and the 
200,000 t potential yield, and 

3) The shelf area of many islands is 


Darryl E. Jory and E. S. Iversen are with the Divi- 
sion of Biology and Living Resources, Rosenstiel 
School of Marine and ‘Atmospheric Science, 
University of Miami, 4600 Rickenbacker Cause- 
way, Miami, FL 33149. 
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Figure 1—Map of greater Caribbean region. 





Figure 2.—Mangrove oyster culture system in coastal region. 


generally too small to support additional 
fishing effort, and although there are 
some areas that can support additional 
exploitation, increased seafood produc- 
tion must come from resources not 
already exploited. 

Although almost all island nations 
presently have this serious seafood pro- 
duction deficit, some nations are in 
more trouble than others. For example, 
the Dominican Republic, which current- 
ly lands about 6,435 t of finfish and 
shellfish, has a seafood demand of 
137,000 t and a potential yield from its 
shelf of only 864 t. 

Mollusk culture could increase sea- 
food production in many Caribbean 
island nations and reduce the difference 
between present production and de- 
mand. Another reason for culturing 
mollusks in the Caribbean is that as ex- 
port products (for food or the aquarium 
or ornamental shell trade) they generate 
hard currency to help alleviate serious 
trade deficits that characterize many 


Caribbean nations, as well as provide 
needed employment. Finally, cultured 
mollusks, in particular cephalopods 
(Hanlon, In press) and the sea hare, 
Aplysia spp. (Fay, 1971), can and have 
been used extensively in neuroscience 
and behavioral research. 

However, despite these incentives, 
molluscan culture in the greater Carib- 
bean is, with few exceptions, in its in- 
fancy when compared with the status of 
these activities in such countries as 
Japan, Australia, France, Spain, the 
Netherlands, and others. In addition, 
available information on the molluscan 
culture in the Caribbean is limited. In 
contrast, the journal Aquaculture 
(Morse et al., 1984) devoted over 400 
pages to “Recent innovations in cultiva- 
tion of Pacific mollusks.” Possibly 
because of the vastness of the Pacific 
Ocean and variety of marine habitats 
and molluscan species, the research ef- 
fort is more extensive than in the Carib- 
bean. Nonetheless, the importance of 


increasing food production in the Carib- 
bean is every bit as important as it is in 
the Pacific, and perhaps even more so 
considering the large human population 
and the relative lack of other food 
sources in many Caribbean island 
nations. 

Present molluscan mariculture activ- 
ities in the Caribbean can be divided in- 
to three categories: Semi-intensive 
culture, extensive culture, and research. 


Semi-intensive Culture 


In the Caribbean, semi-intensive cul- 
ture of mangrove oysters, Crassostrea 
rhizophorae, is presently practiced in 
Cuba and Jamaica, while American 
oysters, C. virginica, are raised in Mex- 
ico and Venezuela, and the Scuth Amer- 
ican rock mussel, Perna perna, is 
cultured only in Venezuela. 


Cuba 


Over a 12-year period (1963-74), bio- 
logical and ecological studies and breed- 
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ing experiments supervised by United 
Nations Development Program/Food 
and Agriculture Organization (UNDP/ 
FAO) experts, were conducted on man- 
grove oysters in Cuba, and many loca- 
tions were found suitable for culture. A 
mangrove oyster culture system was 
developed during the study period, 
based on known methods and the use of 
inexpensive and readily available local 
materials (Nikolic et al., 1976). 

Farming facilities, generally located 
in estuarine areas, consist of stockades 
of palm posts driven into muddy or 
sandy bottoms, arranged in line or in a 
quadrangle (Fig. 2). Posts extend about 
1-1.5 m above the surface of the water 
and are placed 2.5 m apart, supporting 
6 m long, wooden traverse beams. Red 
mangrove terminal branches, suspended 
from the traverse beams with tarred 
ropes or monofilament nylon thread, are 
used as spat collectors. The collectors 
are checked at least once a month (Fig. 
3) to make certain that the binding ropes 
are securely fastened, that collectors are 
favorably located in terms of tidal cycles, 
and to remove fouling organisms and 
predators. The oysters are harvested 5-6 
months after placing the collectors. Sub- 
sequent harvests take place each month 
thereafter, when the largest oysters are 
collected during monthly cleaning oper- 
ations. (Nikolic et al., 1976). 

The first commercial oyster farm in 
Cuba, located on the northeastern shore, 
began operating in 1975. About 30 farms 
were initially planned by Cuban of- 
ficials, with an estimated potential pro- 
duction between 6,500 and 7,500 t. 
However, because of industrial pollution 
in the culture areas, only about 20 per- 
cent of the area could be used. Presently 
there are 19 farms in operation, with an 
estimated potential production between 
900 and 1,100 t of unshucked oysters. In 
the last 3 years, wide fluctuations in 
seasonality and abundance of spat settle- 
ment have adversely affected growout 
schemes. To optimize oyster growout, 
it is necessary to have an adequate, con- 
sistent source of spat. A hatchery under 
construction and supervision of FAO ex- 
perts, combined with ongoing pilot scale 
research on controlled reproduction and 
oyster larval maintenance, is expected 
to produce sufficient spat consistently’. 
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Figure 3.—Mangrove oyster culture system in Cuba. 


Jamaica 


In July 1977, a joint mangrove oyster 
culture project was set up by the Inter- 
national Development Research Center 
(IDRC) of Canada and the Government 
of Jamaica (through the Fisheries Divi- 
sion of the Ministry of Agriculture and 
the University of the West Indies’ 
Department of Zoology) to determine its 


'Frias-Lepoureau, J. A. Mariculture Section, 
Ministry of the Fishing Industry, Cuba. Personal 
commun., 1 October 1984. 


feasibility in arresting the loss in natural 
oyster populations to land reclamation, 
particularly in the Kingston Harbor 
area, and to ensure a constant or in- 
creased supply of oysters. After 4 years 
the culture system was considered viable 
so in 1980 an “Oyster Culture Unit” was 
set up within the Ministry of Agriculture 
to operate pilot farms and provide exten- 
sion services”. 


2MooyYoung, R. R. Inland Fisheries Project, Min- 
ica. Personal 


commun. , 


istry of Agriculture, Jamaica. 
8 November 1984. 





The system adapted known oyster raft- 
culture methods to Jamaican conditions 
(Wade et al., 1981). Spat collectors are 
made of pieces of old car tires, cut into 
8 x 8 cm squares and drilled in the 
center. These are strung together with 
monofilament line, (10-12 collectors per 
string), aged in seawater for 2 weeks 
before use, and then hung from bamboo 
and mangrove racks in the intertidal 
zone to collect spat. When the preferred 
density of about i0 oysters per collec- 
tor has settled, the collectors are re- 
strung on long monofilament plastic 
lines, spaced with 10 cm bamboo poles 
and tied to bamboo rafts. Flotation for 
the rafts is provided by 44-gallon oil 
drums painted with antirust paint, and 
anchored by nylon ropes tied to 
80-pound concrete blocks. Market size 
of 7-8 cm is reached in 6 months. Only 
about 10 percent of production is 
suitable for marketing because of poach- 
ing, diseases, and fouling organisms, all 
major problems. In addition, some 
potential growout sites located near ur- 
ban centers may give rise to health prob- 
lems caused by pollution; therefore, the 
Jamaican government is considering 
depuration plants and strict marketing 
regulations (ADCP, 1983). 

Oyster spat is presently collected at 
the pilot farm of the Oyster Culture Unit 
in Bowden, Port Morant. Growout is 
only carried out at this time in Port An- 
tonio, where local fishermen built and 
have maintained growout rafts since 
January 1982. Growout was attempted 
at Falmouth, but was discontinued due 
to high coliform counts. Microbial 
studies to institute preventive measures 
are under way in a joint project between 
the University of the West Indies and the 
University of South Florida. 

Belmont-Bluefields is a proposed 
growout site. There are plans to grow 
the oysters in baskets and trays, which 
produce single shells instead of clusters, 
and which have more appeal for tourists. 
There is a high demand for oysters from 
hotels and restaurants, and all present 
production is readily sold in Kingston. 
No reliable production figures are avail- 
able but the quantities sold are reported 
to be small. Three Jamaican workers 
from the Project have recently com- 
pleted overseas training at Dalhousie 
University in Canada through IDRC 


scholarships. Finally, an experimental 
oyster hatchery is being planned*. 


Mexico 


In Mexico, commercial aquaculture 
activities involving oysters (and seven 
other groups of organisms which in- 
clude shrimp and lobsters) are reserved 
exclusively for aquaculture coopera- 
tives. Although the most successful 
oyster farming cooperatives are located 
along Mexico’s Pacific coast (culturing 
a local species, Crassostrea cortezien- 
sis), experimental oyster culture in Mex- 
ico began in the lagoon of Tamiahua in 
1957 (Conrad, 1985). American oysters 
are also raised, and its most important 
culture grounds are on Mexico’s Gulf 
coast, in the lagoons of Pueblo Viejo, 
Tamiahua, Tampamochoc, Machona- 
Carmen, Macoacan and others in the 
States of Veracruz and Tabasco (Lizar- 
raga, 1974). 

Seed is commonly collected on col- 
lars of oyster shell cultch, although roof 
tiles and wire-mesh or plastic bags are 
also used. Spat collectors are placed in 
stockades, hung from traverse beams, 
and after 2-3 months (when the seed is 
2-3 cm) they are moved for growout. 
Two basic systems are used. In one the 
collectors are placed on the bottom in 
areas consolidated with old oyster 
shells, and in the other, a suspension 
system is used with collectors strung on 
galvanized wire strings, separated by 
plastic tubing, and hurg in stockades. 
Growout time to commercial size (about 
8-10 cm) is between 8 and 14 months, 
and the reported yield from these areas 
averages 25 tons/ha (Haro et al., 1983; 
Lizarraga, 1974). 

The potential for increased oyster pro- 
duction in the Gulf of Mexico is con- 
siderable, with over 100,000 ha having 
potential for utilizing intensive culture 
techniques (Haro et al., 1983). Current 
production is about 40,000 t/year, but a 
decline is predicted due to pollution in 
lagoons such as Tamiahua and others‘, 
where oil exploitation activities have 


3Sessing, J. Jamaican aquaculturist, PO. Box 642, 
Kingston 8, Jamaica. Personal commun., April 
1985. 

‘Orbe, A. Centro de Investigacion y Estudios 
Avanzados IPN, Unidad Merida, Merida, Yucatan, 
Mexico. Personal commun., 6 November 1984. 


resulted in destruction of natural beds 
(Conrad, 1985). 


Venezuela 


Experimental culture of the American 
oyster began in 1974 in the canals of 
Guariquen, in the Gulf of Paria. The 
Center for Fisheries Research of Cu- 
mana, under the Ministry of Agricul- 
ture and Livestock, beginning in 1974, 
carried out several studies on the biol- 
ogy and culture potential of the Ameri- 
can oyster (unpubl.) which stimulated 
the creation of two commercial ventures 
in 1980. For spat collection and grow- 
out these operations used old tires cut 
in strips and hung from floating wooden 
rafts. In November 1980, there were 120 
rafts: 100 rafts were 15 x 6 m with 420 
strips each and 20 rafts were 15 x 14 
m with 800 strips each. Commercial 
size, 8-12 cm, is reached in 1 year. 

The marketed production in 1980, 
1981, and 1982 was 170, 176 and 132 
tons, respectively. The estimated pro- 
duction of a single operation in 1980 was 
about 1,000 t, most of which could not 
be marketed because the marketing 
channels were inadequate to handle pro- 
duction. Studies of the economic feasi- 
bility of smoking and canning oyster 
meats, possibly for export, have been 
made (Cervigon, 1983). However, in a 
recent visit to Venezuela, the senior 
author was informed that marketing dif- 
ficulties had apparently proved insur- 
mountable and that both commercial 
ventures would cease operations. 

The mangrove oyster was also the 
subject of experimental and commercial 
culture in Venezuela. Experimental 
culture began in the early 1960’s, and 
there were two commercial attempts, 
both using wild spat and floating rafts: 
One, in 1969, in the Gulf of Cariaco and 
the other in 1971 in la Restinga lagoon, 
Margarita Island. Both faced problems 
of spat settling, competition, and shell 
brittleness, and both failed due to mar- 
keting difficulties (Mandelli and Acuna, 
1975; Cervigon, 1983). 

Culture of rock mussels, Perna perna, 
began in 1960 in the Gulf of Cariaco in 
northeastern Venezuela (Fig. 4) using 
slightly modified Spanish raft-culture 
techniques (Iversen, 1966). Presently, 
there are two private ventures with 20 
rafts and seven smaller ventures with a 
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total of 45 rafts operated by fishermen’s 
cooperatives. The latter have not pro- 
duced any mussels in the last few years 
because of red tide problems in the area 
which, in August 1977, killed nine peo- 
ple who ate contaminated mussels. 
Annual market production since 1972 
has ranged from 42 to 650 t. In 1980, 
production was estimated at 650 to 920 
t, but only 30 t were marketed due to 
red tide. In 1983, production was esti- 
mated at 182 t. This decrease is attrib- 
uted to the replacing of wooden spat col- 
lectors by tire strips to which mussel 
spat reportedly cannot attach securely. 
Besides red-tide-related problems, com- 
mercially successful mussel culture in 
Venezuela faces marketing problems 
similar to that of oysters (Salaya et al., 
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Figure 4.—Rock mussel rafts in Venezuela. 


1973; Mandelli and Acuna, 1975; Cer- 
vigon, 1983). Extensive research on the 
rearing of mussel larvae has been re- 
cently carried out at the Instituto Ocean- 
ografico of Universidad de Oriente in 
Cumana®. A project to set up a mussel 
depuration plant is being planned, and 
another project for a large-scale mussel 
farming operation was recently 
presented to the National Council for 
Scientific Research of Venezuela 
(CONICIT) and is presently being 
evaluated® 


5Cervigon, F. Fundacion Cientifica Los Roques, 
Caracas, Venezuela. Personal commun., May 
1985. 

Robaina, G. Universidad de Oriente, Boca de Rio, 
Isla de Margarita, Venezuela. Personal commun., 
December 1985. 


Extensive Culture 


The queen conch, Strombus gigas, is 
the only marine mollusk considered to 
be cultured extensively in the Carib- 
bean. Increased demand for its meat, 
especially in U.S. markets, has resulted 
in overfishing and the decline of stocks, 
and has threatened its critical role as one 
of the most important subsistence-level 
fisheries of the area (Brownell and 
Stevely, 1981). 

Concern over the decline of stocks led 
to extensive research on the mass-rear- 
ing of juveniles in hatcheries and using 
these juveniles to reestablish or replen- 
ish depleted natural populations. Such 
research was carried on since about 
1980 in Bonaire, Puerto Rico, Los Ro- 





ques Archipelago in Venezuela, Quin- 
tana Roo in Mexico, Turks and Caicos, 
Miami, and the Berry Islands in the 
Bahamas (Iversen and Jory, 1985). 
Preliminary results of many of these 
research programs were presented in a 
Conch Mariculture Session at the 35th 
Annual Gulf and Caribbean Fisheries 
Institute in Nassau, Bahamas, in Nov- 
ember 1982. What has happened since 
then? The projects at the University of 
Miami, Los Roques and the Berry 
Islands have ended due to lack of finan- 
cial support. The project in Puerto Rico 
might not receive further funding’. 
However, there is also encouraging 
news. The Bonaire hatchery reported 
rearing and releasing 750,000 juveniles 
off Bonaire in 1984 in deep waters 
where they will not be easily accessible 
to fishermen® This may be an example 
of technological success, but does not 
imply economic feasibility. A hatchery 
is being set up at the Hydrolab site at 
Salt River on St. Croix, U.S. Virgin 
Islands, mainly to obtain animals for 
further research®. And construction of 
a hatchery is about to begin on the island 
of Martinique, French West Indies"®. 
The senior author recently visited the 
Puerto Morelos hatchery in Quintana 
Roo, Mexico, and was informed that it 
is preparing for its first field release of 
hatchery-reared juveniles. Finally, in 
1984 Trade Wind Industries, Inc.'', con- 
structed and started operating the first 
commercial queen conch hatchery on 
the island of Providenciales, Turks and 
Caicos. During the 1984 spawning 
season, 20 larviculture tanks were in 
operation, and the juvenile conchs pro- 
duced were stocked in protective cages 
near the hatchery. The company re- 
portedly has also acquired sea-bottom 


7Appeldorn, R. Department of Marine Sciences, 
University of Puerto Rico, Puerto Rico. Personal 
commun. , Dapescs ace 984. 

oe of Agriculture and Fish- 


eries, Bonaire. Personal commun., October 1984. 
*Coulston, M. L. Hydrolab Project West Indies 
Laboratory, Fairleigh Dickinson University, St. 
Croix. Personal commun., 22 October 1984. 
‘Bazin, P. Association pour le Development de 
l’Aquaculture a la Martinique, Martinique. Per- 
sonal commun., September 1984. 

"Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 


leases to grow conch to commercial 
size!2, 

The release size for hatchery-reared 
conch discussed, and recommended 
and/or used so far varies from 2 cm 
(Siddall, 1983), to 5 cm (Creswell, 
1984) to 12-15 cm (Jory and Iversen, 
1983; Woon, 1983). The release size can 
have important consequences on the rate 
of survival to market size. There is good 
scientific evidence that natural mortality 
is greater for smaller individuals, and 
hatchery-reared mollusks are no excep- 
tion (Jory et al., 1984), including queen 
conch (Appeldoorn and Ballantine, 
1983; Jory and Iversen, 1983) as well 
as other mollusks s"1ch as abalone!?. Re- 
cent large-scale releases of small (2-5 
cm) hatchery-reared conchs in Bonaire, 
Mexico, Venezuela, and St. Croix 
should provide an indication of the opti- 
mum release size. 


Pilot Projects and 
Research Activities 


Bahamas 


Molluscan mariculture has been at- 
tempted at three locations in the Baha- 
mas. In the middle 1970’s a private com- 
pany conducted a pilot experiment with 
imported American oysters. In a pond 
dredged out for a dock project in Rud- 
der Cut Cay, Exuma, the water was fer- 
tilized and imported oyster spat was 
placed in rafts. The project was prompt- 
ly abandoned due to very slow growth 
rates. 

The second study, growing oysters 
and clams in rafts by the Wallace Groves 
Aquaculture Foundation of Freeport, 
produced discouraging results. The third 
study is by Woridwide Protein Bahamas 
Ltd., using imported spat of American 
and European oysters and hard clams, 
Mercenaria mercenaria, grown in dis- 
charge canals from company shrimp 
ponds on Long Island. Preliminary 
<esults indicate that fouling by algae and 
particulate matter hinder production. 
Water temperatures were too high for 


"Creswell, L. Center for Marine Biotechnology, 
Harbor Branch Institution, Inc. , Florida. Personal 
commun., November 1984. 

'3Haaker, P. California Department of Fish and 
Game. Personal cormmun., October 1983. 


European oysters and the species may 
be abandoned, but growout of American 
oysters and hard clams continues. In 
addition, the company recently obtained 
permission from Bahamian authorities 
to import Manila clams, Tapes japon- 
icus, from the Philippines, for growout 
trials! 
Turks and Caicos 

The Smithsonian Institution’s Marine 
Systems Laboratory has recently sought 
to determine the culture potential of the 
topshell or magpie shell, Cittarium 
pica. Its life cycle has been closed (Hes- 
linga and Hillmann, 1981), and prelim- 
inary results indicate that juveniles 
placed in floating cages can reach 
market size in 12-18 months. Similar 
research has also been carried out in the 
Dominican Republic, Antigua, and St. 
Vincent!’ The Mariculture Team of the 
Marine Systems Laboratory visited the 
island of St. Lucia where they demon- 
strated topshell culture methods; these 
appeared to be easily adapted to local 
conditions, and the feasibility of estab- 
lishing a pilot project was indicated'® 

Topshells are widely consumed in the 
Caribbean; the species has been over- 
fished in many areas and several nations 
are contemplating plans to regulate its 
fisheries. Mariculture may be a viable 
option to increase production since top- 
shells appear to fulfill many of the 
criteria for commercial culture. 


St. Lucia 


In 1983 a joint “Experimental Oyster 
Project” was started on St. Lucia be- 
tween a local yacht charter company and 
the Fisheries Management Unit of the 
Ministry of Agriculture, Lands, Fish- 
eries, and Cooperatives. Imported 
Japanese oyster, Crassostrea gigas, spat 
were placed in bamboo and plastic mesh 
rafts at two sites. Unfortunately, the rafts 
at one site were destroyed but there are 


'4Higgs, C. Ministry of Agriculture, Fisheries and 
Local Government, Nassau, Bahamas. Personal 
commun., October 1984. 

'SBernard, W. L. Marine Systems Laboratory, 
Smithsonian Institution, Washington, D.C. Per- 
sonal commun., October 1985. 

'6Walters, H. D. Ministry of Agriculture, Lands, 
Fisheries, and Cooperatives, Castries, St. Lucia. 
Personal commun., 5 October 1984. 
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plans for a second attempt. In addition, 
several local private concerns have con- 
tacted the Fisheries Management Unit 
for advice regarding oyster culture'® 


Panama 


Between January and December 1979, 
two pilot studies were conducted to 
determine culture potential of the man- 
grove oyster. Two experimental farms 
were located in the Archipelago de 
Bocas del Toro, using the Cuban culture 
system described earlier in this paper. 
Preliminary results were encouraging 
but the project was not scaled-up to a 
commercial level'’. University of Pana- 
ma and University of Delaware scien- 
tists are jointly experimenting with com- 
mercially important bivalves with 
encouraging results at the University of 
Panama’s Centro de Ciencias del Mar 
y Limnologia laboratory on Panama’s 
Pacific coast'® 


Colombia 


Studies on mangrove oyster biology, 
preparatory to culture, have been carried 
out at the Cienaga Grande de Santa 
Marta and in the Gulf of Uraba on the 
Caribbean coast of Colombia. Research 
has concentrated on basic biological 
aspects of the oysters and testing for the 
best methods of spat collection and 
growout. Results are very encouraging; 
it may be possible to raise oysters in 
closed suspended baskets to commercial 
size (6-8 cm) in about 7 months. Bot- 
tom culturing methods are not suitable 
in the Gulf of Uraba due to the heavy 
sedimentation coming from the Rio 
Atrato (Wedler, 1980; Aguilera, 1984). 
No plans for commercial scale-up were 
mentioned. 


St. Kitts and Nevis 


In 1981 the Government of St. Kitts 
and Nevis and the IDRC tried unsuc- 
cessfully to establish a pilot project to 
culture mussels. The project failed be- 
cause no suitable local species of mussel 


‘Arosemena, D. H. Departamento de Direccion 
de Recursos Marinos, Panama. Personal com- 
mun., 28 September 1984. 

'18P)’Croz, L., and J. R. Villalaz. Centro de Cien- 
cias del Mar y Limnologia, Facultad de Ciencias 
Naturales y Farmacia, Universidad de Panama. 
Personal commun., 29 October 1984. 
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could be found. In 1983 the project was 
redesigned into a Conch Management 
Program with a “red algae, Gracilaria 
spp., Research Project” as a subcom- 
ponent, which continues’. 
Nicaragua 

In 1976, an oyster culture pilot study 
was carried out with assistance from 
Japanese scientists, using strung scallop 
shells separated by PVC spacers and 
hung from mangrove structures. Spat 
was successfully collected and grown 
during the dry season (May-December) 
but failed during the rainy season due 
to depressed salinities and high sedi- 
mentation in the estuarine site. Oysters 
grew well up to 81 mm, but mortalities 
were more than 80 percent. Because 
most of the Nicaraguan coastline where 
oysters can be raised has similar estu- 
arine conditions, government officials 
are not inclined to conduct further oyster 
culture experiments”®. 


Puerto Rico 


Experiments to determine the com- 
mercial feasibility of mangrove oyster 
culture started in December 1972, with 
the joint support of the Puerto Rico 
Department of Agriculture and the U.S. 
National Marine Fisheries Service. 
These experiments consisted of moni- 
toring growth of collected spat in bags, 
with frames made of concrete-coated 
plywood and plastic sheeting suspended 
from 3 X 4 m rafts. Oysters reportedly 
reached market size in 2 months (Wat- 
ters and Prinslow, . 1975). No commer- 
cial oyster culture presently exists in 
Puerto Rico. The Commonwealth Gov- 
ernment encourages such nondestruc- 
tive uses of its coastal lagoons which are 
coming under increasing development 
pressure?! 


U.S. Virgin Islands 
Since May 1972, the St. Croix Arti- 


19Wilkins, R. Department of Agriculture, St. Kitts 
and Nevis. Personal commun., 25 September 
1984. 


20Martinez Casco, S. Centro de Investigaciones 
Pesqueras, Instituto Nicaraguense de la Pesca. Per- 
sonal commun., 4 October 1984. 

21Torres, F. Corporation for the Development and 
Administration of the Marine Resources, Puerto 
Rico. Personal commun., 7 November 1984. 


ficial Upwelling Project on the north 
shore of the island produced phyto- 
plankton by pumping nutrient-rich sea- 
water from 870 m depth into 100 m? 
ponds. This was used to feed oysters, 
clams, and scallops which grew ade- 
quately. A pilot-scale operation was 
carried out between October 1976 and 
October 1978 in which Manila clams 
produced in the Project Hatchery were 
successfully grown to determine yields 
and production costs. Very encouraging 
results were also obtained culturing 
brine shrimp (Roels et al., 1979). The 
Project apparently developed into The 
Maritek Corporation in 1980 (Seafood 
Business Report, 1984), and is presently 
engaged in penaeid shrimp culture in the 
Bahamas?2 


Other Candidates 
Caribbean Species 
Milk Conch 


The milk conch, Strombus costatus, 
although considerably smaller than the 
queen conch, is nevertheless of com- 
mercial value. Its biology has been 
studied and it has been reared for possi- 
ble use in the marine aquarium trade 
and for extensive mariculture. Hatchery 
techniques, predation problems, and 
outlook are very similar to those for the 
queen conch (Appeldoorn and Bailan- 
tine, 1983). 


Great White Lucine 
and Gaudy Asaphis 


In many Caribbean areas, low pri- 
mary productivity generally precludes 
culturing suspension-feeding mollusks. 
Recent research has shown two clam 
species, the great white lucine, Codakia 
orbicularis, and the gaudy asaphis, Asa- 
Phis deflorata, to have possible chemo- 
autotrop'tic capabilities through a sym- 
biotic relationship with sulphur-fixing 
bacteria within their gill tissues; hence, 
they have been suggested as viable mari- 
culture .andidates. Both species have 
been reared in the laboratory, and 
chemical analyses have shown that the 


22Higgs, C. Ministry of Agriculture, Fisheries and 
Local Government, Nassau, Bahamas. Personal 
commun., July 1984. 





great white lucine is relatively high in 
protein, carbohydrates, and calories but 
low in cholesterol compared with other 
clam species (Berg and Alatalo, 1982). 
It has also been speculated that in- 
dustrial sulfide wastes may be adapted 
to a mariculture system involving these 
clams (Berg and Alatalo, 1984). No 
pilot or commercial projects to rear 
these clams are planned?>. 


Cephalopods 

Many cephalopod species are impor- 
tant research subjects in neuroscience, 
environmental toxicology. learning be- 
havior, and other areas. The highly 
developed giant axon of squids, for ex- 
ample, is used in numerous models of 
visual experimentation (Hanlon and 
Forsythe, In press). In addition, fish- 
eries biologists have recently begun 
using cultured cephalopods for life-cycle 
analyses (Hanlon, In press). The advan- 
tages of laboratory-cultured cephalopods 
to the researcher include the consistent 
availability of experimental animals of 
known species, age, sex, and environ- 
mental background (Hanlon and For- 
sythe, In press). In the Western Atlan- 
tic, cephalopods are presently being 
cultured on an experimental scale at the 
Marine Biomedical Institute of the Uni- 
versity of Texas Medical Branch, 
Galveston, Tex.24, and at the Centro de 
Investigaciones Cientificas de la Univer- 
sidad de Oriente, on Margarita Island 
off northeastern Venezuela (Robaina, 
1983). 

Roger Hanlon of the Texas Marine 
Biomedical Institute reports** that the 
life cycles of several Octopus and Loligo 
species have been closed, and extensive 
information pertinent to their potential 
commercial mariculture has been ac- 
cumulated. He further reports receiving 
requests from people interested in cul- 
turing cephalopods commercially in the 
southern Caribbean. 

The only known commercial culture 
operation of cephalopods is in Japan, 
where Octopus vulgaris is reared; pro- 
duction in recent years was about 50 t 
annually (Boletzky and Hanlon, 1983). 
However, “the outlook for future com- 


23Berg, C. J. Woods Hole Oceanographic Institu- 
tion: Personal commun., 7 November 1984. 
24R. Hanlon, Marine Biomedical Institute, Texas. 
Personal commun., 5 November 1984. 


mercial culture of cephalopods is un- 
predictable, because it is predominant- 
ly an economic consideration. When 
and if the capture fishery cannot meet 
the market demand, culture will receive 
emphasis” (Hanlon, In press). Finally, 
cephalopods may have much potential 
in the aquarium trade, because of the 
spectacular color changes of many 
species and because they can be easily 
maintained in aquariums (Hanlon, In 
press). 
Scallops 

Scallops of the family Pectinidae are 
the basis of several important commer- 
cial fisheries around the world. Com- 
mercial scallop farming in Japan has 
been very successful, and scientists else- 
where are trying to adapt Japanese tech- 
niques to their own countries (Wood, 
1978). Pilot research continues world- 
wide, and in Latin America, Peru 
(Wolff, 1984), and Mexico (Kimbrough, 
1983) have recently reported commer- 
cial culture operations. Those, however, 
are on the Pacific coast; no pilot- or 
commercial-scale scallop culture project 
is known in the Caribbean. Research on 
induced reproduction and larval rearing 
is being carried on in Venezuela**. Berg 
(1984) recently suggested scallop culture 
as having potential in Bermuda. 


Pearl Oysters 


Pearl oysters have been successfully 
cultured for many years in Japan, 
Republic of Korea, China, Australia, In- 
donesia, the Philippines, and other 
countries, and the techniques are well 
known. Berg (1984), in reviewing the 
culture potential of Bermudian bivalves, 
mentioned that there appears to be no 
reason why these techniques could not 
be successfully applied to Atlantic pearl 
oysters, Pinctada spp. On Mexico's 
Pacific coast the pearl oyster, P. mazat- 
lanica, has been experimentally cul- 
tured?®, No information is available on 
present or recent research on pearl 
oyster culture in the Caribbean, al- 
though in Venezuela aspects of its 
biology have been studied to some ex- 


25Padron, M. Universidad de Oriente, Boca de 
Rio, Isla de Margarita, Venezuela. Personal com- 
mun., 5 December 1985. 

26Diaz, G. J. J. 1969. Cultivo experimental de 
madreperla, Pinctada mazatlanica, en la Bahia de 
La Paz, Baja Calif., Mex., (mimeogr.) 12 p. 


tent (Martinez, 1971), and a research 
proposal is currently being evaluated’. 


Pen Shells 


The culture potential of pen shells, 
Pinna carnea and Atrina rigida, was 
also reviewed by Berg (1984), who con- 
cluded that they seem to have poor 
potential because of the possibly long 
planktonic development which would 
make larval rearing difficult. He also 
mentioned that they may be suitable as 
an additional species in a polyculture 
system, since they seem to invest little 
energy developing viscera and shell and 
therefore might grow very fast. Pen 
shells are very valuable in several Carib- 
bean countries, and in Mexico, where 
they command higher prices than 
shrimp and as high as abalone (about 
U.S.$10.00/kg as of early 1985)78 A 
shellfish hatchery to produce larvae of 
commercially important bivalves, in- 
cluding several species of oysters, 
clams, scallops, and pen shells, recent- 
ly started operating in Bahia Kino, in the 
Gulf of California (O’Sullivan, 1984). 
No commercial or research projects are 
known in the Caribbean. 

Exotic Species 
Green Mussels 

A species from the Indo-Pacific, the 
green mussel, Perna viridis, is con- 
sidered to be a good candidate for intro- 
duction into the Caribbean. Presently 
there are over 5,000 ha under its culture 
in Thailand and the Philippines. Re- 
search at the Harbor Branch Institution 
in Florida has shown considerable 
potential for this species’ culture in 
localized Caribbean areas where pri- 
mary productivity is sufficient to sup- 
port filter-feeding bivalves”®. 

Giant Clams 

Species of giant clams, Tridacna 
spp., are being intensively studied at 
various institutions in the Philippines, 
Australia, Micronesia, and California 
for possible commercial culture. These 


27Robaina, G. Universidad de Oriente, Boca de 
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29Creswell, L. Center for Marine Biotechnology, 
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clams have a thin layer of tissue in their 
mantle where zooxanthellae live and 
provide food (Munro and Heslinga, 
1983). This aspect of their biology is 
unique and actually is a strong plus for 
the species’ introduction to the Carib- 
bean, particularly in areas of low pro- 
ductivity that cannot support filter- 
feeding bivalves such as oysters or 
mussels. Cultured tridacnids from Palau 
may soon be introduced to the island of 
Guadaloupe, pending approval of import 
permits**, However, as with any other 
exotic species, the possible ecological 
consequences of introducing any new 
species into a new environment must 
first be carefully considered, as is 
strongly urged by Munro and Heslinga 
(1983). 


Discussion and Conclusions 


Molluscan mariculture is nonexistent 
in several Caribbean countries; in a few 
it is at an experimental or incipient stage 
of development while only a handful of 
commercial molluscan culture opera- 
tions presently exist anywhere in the 
area. Three species of bivalves (Ameri- 
can and mangrove oysters and rock 
mussels) are raised in semi-intensive 
facilities; one gastropod, the queen 
conch, is raised in extensive culture 
(mass-reared in hatcheries and released 
to augment natural populations). 

Techniques for oyster and mussel cul- 
ture are very similar, involving wild spat 
collection on different substraies (i.e., 
from mangrove branches to synthetic 
ropes) and growout with the collectors 
suspended from floating rafts or wooden 
stockades. These techniques have 
proven successful in some Caribbean 
countries and have potential in several 
others. Queen conch culture involves 
mass-rearing juveniles in hatcheries and 
field growout to commercial size; the 
first has had limited success so far while 
the second remains unproven. 

Introduction of exotic molluscan 
species into the Caribbean must be care- 
fully considered. Several native species, 
particularly filter-feeding bivalves, ap- 
pear suitable and should be exhaustive- 
ly studied before considering any intro- 
duction. An exception may be that of 


3°Heslinga, G. Micronesian Mariculture Demon- 
stration Center, Palau. Personal commun., 
February 1985. 
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exotic species with phototrophic capa- 
bilities, such as giant clams, which may 
be suitable for introduction in those 
areas where the naturally low primary 
productivity precludes the culture of 
filter-feeding species. However, much 
care should be exercised if these or any 
other exotic species is introduced into 
the Caribbean, and guidelines such as 
those recommended by the International 
Council for the Exploration of the Sea 
should be followed (ICES, 1972). 

Several problems still hamper Carib- 
bean molluscan culture. These include 
insufficient biological information on 
potential candidate species, dependency 
on wild spat, lack of economic informa- 
tion, few trained technicians, inadequate 
marketing channels, low primary pro- 
ductivity in many areas, and pollution 
and public health considerations. 

The FAO Species Identification Sheets 
for Fishery Purposes of the Western 
Central Atlantic (Fischer, 1978) list 37 
bivalves and 24 gastropods which are 
large, edible, and common enough to 
serve as human food. Several of these 
species of oysters, clams, scallops, arks, 
mussels, and pen shells, as well as 
others not included in the FAO sheets, 
may meet the criteria for culture candi- 
dates proposed by Bardach et al. (1972) 
and Webber and Riordan (1975). 

However, adequate biological infor- 
mation on which to judge the feasibil- 
ity of culture projects for many species 
is lacking, particularly concerning 
reproductive aspects (spawning season, 
larval stage requirements) and growth 
rates and factors which affect it. Re- 
search in progress at several Caribbean 
institutions will help alleviate this. How- 
ever, economic support for research 
sometimes may end prematurely, as in 
the case of the queen conch, whose 
biology and culture potential (including 
hatchery techniques) was intensively in- 
vestigated at several institutions for a 
few years, until funding was discon- 
tinued. UNDP/FAO has advocated es- 
tablishment of a Caribbean Regional 
Aquaculture Center, which has also 
been strongly supported by countries in 
the region and may be approved and im- 
plemented in the near future?" 


31Choudhury, P. C. Fishery Resources and En- 
vironment Division, FAO, Rome. Personal com- 
mun., 28 September 1984. 


To depend on natural spat settlement 
as a source of seed for commercial 
growout is generally not advisable be- 
cause of the wide fluctuations in spat 
abundance and settlement due to biotic 
and abiotic factors. Cuba, for example, 
has reported such problems for their 
oyster culture operations, and is inves- 
tigating controlled reproduction and 
oyster larval maintenance as well as con- 
struction of a hatchery. Other countries 
such as Mexico, Jamaica, Panama, and 
Venezuela are operating or planning 
hatcheries and/or are involved in active 
research for this purpose. 

Economic problems also hamper 
development of Caribbean molluscan 
culture (as well as culture of most other 
marine species), particularly the dis- 
tribution channels and availability of the 
products. Acceptability of seafood is not 
a problem: Most Caribbean islands and 
countries bordering the Caribbean have 
high rates of seafood consumption (>20 
g/person per day), and in some of these 
countries fish constitutes almost 20 per- 
cent of the total protein source (Olsen 
et al., 1984). Adequate distribution 
channels and product availability prob- 
lems must be viewed in terms of the 
added technological and economic bur- 
den involved in processing and market- 
ing highly perishable products in places 
where refrigeration may be unavailable 
or inadequate (May, 1978). That inade- 
quate marketing channels are a problem 
today is exemplified by the Venezuelan 
oyster culture operations discussed 
previously. 

Another problem is pollution and re- 
lated public heaith considerations. Since 
the Caribbean is generally a developing 
region with relatively modest industrial- 
ization and urbanization, water pollution 
from land-produced wastes has not 
reached the alarming levels of more in- 
dustrialized regions. However, there are 
localized areas where marine pollution 
from industrial, domestic, and agricul- 
tural wastes, and from oil production 
and transport, is a problem (Rodriguez, 
1981), and this is likely to become a 
problem in other areas as industrializa- 
tion and urbanization occur. 

Estuarine areas are particularly af- 
fected by pollution and urban develop- 
ment. Besides being highly productive 
nursery grounds for many commercially 
important animals, clean estuaries are 





also needed for molluscan culture. 
Public health aspects of pollution must 
be especially considered because the oc- 
currence of human viruses in mollusks 
from waters lightly to moderately pol- 
luted is well documented (Vaughn and 
Landry, 1984) and because information 
on the extent of pollution in the Carib- 
bean (i.e., from sewage) is very limited 
(Rodriguez, 1981). 

Finally, the harvesting of cultured 
mollusks may often have to be restricted 
owing either to periodic red tide out- 
breaks, as in the case of the Venezuelan 
mussel culture operations discussed, or 
to ciguatera poisoning, which may oc- 
cur in populations of topshells of cer- 
tain areas (Olsen et al., 1984). 

In conclusion, molluscan mariculture 
in the Caribbean has a long way to go 
to partially augment catches from tradi- 
tional capture fisheries. It is doubtful 
that it can soon achieve the production 
per unit area obtained in other parts of 
the world because it is still in its infancy 
and many of the problems remain un- 
resolved. However, current and planned 
research are encouraging. 
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A Synopsis of the Tortugas Pink Shrimp, Penaeus duorarum, 
Fishery, 1981-84, and the Impact of the Tortugas Sanctuary 


EDWARD F. KLIMA and FRANK J. PATELLA 


Introduction 


The Gulf of Mexico Shrimp Fishery 
Management Plan established an area 
commonly known as the Tortugas 
Shrimp Sanctuary off south Florida 
(Fig. 1) and prohibited all trawling ac- 
tivity within that area between 15 May 
1981 and 15 April 1983 (GMFMC, 
1980). This regulation was founded on 
scientific data indicating that the sanc- 
tuary is a nursery area for the Tortugas 
stocks of pink shrimp, Penaeus duora- 
rum, and that recruitment to the offshore 
fishery is dependent on the sanctuary. 
Lindner (1965) and Berry (1970), util- 
izing growth and mortality data, in- 
dicated that the yield of pink shrimp 





ABSTRACT—Trawling for pink shrimp, 
Penaeus duorarum, in the Tortugas Sanc- 
tuary off south Florida was prohibited from 
IS May 198] through 15 April 1983. A small 
portion of the sanctuary, the “toe of the boot” 
area, was opened to trawling from April 1983 
until 15 August 1984, when it was again 
closed to trawling. This paper describes the 
impacts of the closure, opening, and sub- 
sequent closure of the “toe of the boot” area 
on shrimp trawling. 

Opening the toe area seemed to adverse- 
ly affect the shrimp catch on the grounds, 
but the subsequent closure in August 1984 
provided a bonanza catch during winter 
1984. The Tortugas fishery shrimp yield is 
based upon the recruitment of the fishing ef- 
fort expended on small shrimp in the sanc- 
tuary and/or toe of the boot area. The 198] 
and 1982 recruitment was very poor, while 
the spring recruitment in 1983 and 1984 was 
good. The 1983 recruitment was quickly 
caught by the fleet fishing within the toe area, 
whereas the 1984 recruitment was saved from 
heavy exploitation by prohibiting trawling 
in the toe area. We concluded that fishing 
in the toe area has a negative impact on 
the overall shrimp yield on the Tortugas 
Grounds. 
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would be greater if harvest was delayed 
until shrimp were larger than the min- 
imum legal size (69 count') for landing 
shrimp in Florida. 

Therefore, the concept of the Gulf of 
Mexico Fishery Management Council 
in reestablishing the sanctuary was to 
protect small, undersized shrimp from 
fishing. Furthermore, it was assumed 
that the distribution of small shrimp was 
confined mainly inside the sanctuary 
line and that shrimp outside the line 
were of legal size or larger. Thus, the 
establishment of a permanent sanctu- 
ary would result in an increase in an- 
nual yield of about 1 million pounds 
(GMFMC, 1980). A small portion of 
the sanctuary, the “toe of the boot” area 


'The number of shrimp without heads that con- 
stitutes 1 pound. 


was opened to trawling from April 1983 
until 15 August 1984 to determine 
whether catch would increase and to 
determine the impact on shrimp yield, 
and trawling was prohibited in the per- 
manent sanctuary thereafter. 

This paper reviews the characteristics 
of the Tortugas fishery from the closure 
in May 1981 through December 1984. 
Also, catch, effort, size composition of 
the landings, and catch per unit effort 
(CPUE) are compared with the histor- 
ical data from 1960 to 1979. We deter- 
mined whether these characteristics 
were affected by the regulations or lack 
of regulations for May 1981 through 
December 1984. 


The authors are with the Galveston Laboratory, 
Southeast Fisheries Center, National Marine Fish- 
eries Service, NOAA, 4700 Avenue U, Galves- 
ton, TX 77550. 











GULF OF MEXICO 


SUBAREA 3 


COON KEY LIGHT 


FLORIDA 


TORTUGAS 
SHRIMP 
SANCTUARY 


Midd 





TORTUGAS GROUNDS 


ORY TORTUGAS TOE ARE 
\ 





REBECCA / 
SHOALS LIGHT 


SUBAREA 2 








YY 


KEY WEST 


Y 


STRAITS 
ay OF 


FLORIDA 


SUBAREA 1 














Figure 1—The Dry Tortugas fishing grounds and statistical subareas. 








Materials and Methods: 
Fishery Statistics 


U.S. Gulf of Mexico shrimp fishery 
since 1956 are available, and the pro- 
cedures used to collect them have been 
described by Klima (1980). The statis- 
tics compiled by the Southeast Fisheries 
Center (SEFC), Fishery Information 
Management Division (FIMD), were 
used to determine the effects of the Tor- 
tugas Shrimp Sanctuary. 

Catch and effort statistics were 
grouped and analyzed by biological 
years (May-April) for ease of comparing 
the historical data with the period May 
1981-December 1984. The statistics con- 
sisted of catch by statistical subarea (Fig. 
1), fishing effort (in 24 hours of fishing 
time expressed as days fished), and size 
composition of the catch in eight size 
groupings. Locations and amount of 
fishing effort expended in 24 hours were 
obtained by interviewing vessel captains 
at the termination of their trips. All 
catch data were recorded as pounds of 
shrimp heads-off by species and size 
category, by statistical subarea, depth 
zone, and month. 

Size composition of the reported 
catches was examined in units of pounds 
caught in eight “count” or size cate- 
gories representing number of shrimp 
per pound, heads-off (<15, 15-20, 21-25, 
26-30, 31-40, 41-50, 51-67, and 268). 
The weighted average number of shrimp 
per pound was calculated by multiply- 
ing the pounds landed in each of the size 
categories by the respective size group- 
ing. 

Catch and effort data from 1960 to the 
present are on file at the SEFC, FIMD 
office and are available for inspection. 
Ernest Snell (SEFC, FIMD) has pro- 
vided specific information on Tortugas 
shrimp fishery fleet activities, changes 
in the fleet, number of trips, discards, 
and specifics of catch and effort for the 
fishing area during 1981-84. 


Results 
Landings 


Annual landings by biological years, 
from 1960 to 1983, in statistical subareas 
1 through 3 have averaged about 9.9 
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Figure 2.—Annual pink shrimp landings from the Tortugas grounds (SS 
1-3) by biological years, 1960-83 (solid line is the mean; each broken 
line is one standard deviation from the mean). 
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Figure 3.—Mean monthly pink shrimp landings from the Tortugas 
grounds (SS 1-3) from 1960 to 1979. Each + and — indicates one 
standard deviation from its mean. 


million pounds/year (Fig. 2). They have 
fluctuated from a high of slightly less 
than 13.4 million pounds in 1960 to a 


low of about 7 million pounds in 1982 
and 1983. The small variation in annual 
landings, (S.D. = +1.7 million pounds, 
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Table 1.—Monthly summary of total offshore pink shrimp catch in millions of pounds, total fishing effort in thousands of days, and CPUE for statistical 
subareas 1, 2, and 3 from 1981 through 1984 (an asterisk indicates period when trawling was permitted in toe of boot area). 





July 


Aug. Sept. Oct. 


Totals 





0.39° 
0.7 
532 


0.23* 
0.5 
451 


0.16 
0.5 
329 


0.26" 
0.6 
424 


0.18* 
0.4 
412 


0.27 
0.4 


0.32 
0.7 
493 


0.44 
0.6 
695 


0.40 


0.8 
498 


0.59 
0.9 


8.93 
15.4 
580 





17.2 percent coefficient of variation) in- 
dicates a relatively stable fishery 
throughout this 24-year period. During 
1960, 1965, 1971, 1972, 1977, 1980, 1982, 
and 1983, landings fell outside 1 S.D. 
The 1981 shrimp catch of 10.2 million 
pounds was slightly larger than the his- 
torical average of 9.9 million pounds for 
1960-79 and significantly larger than the 
1982 and 1983 catch of 7.0 and 6.9 
million pounds, respectively (Table 1). 
The average monthly landings for 
1960-79 showed an annual cycle with an 
amplitude that ranged from a high of 1.3 
million pounds in January to a low of 
less than 0.3 million pounds in July 
(Fig. 3). Landings decrease from May 
through July, rise slightly in August, in- 
crease steadily through December, peak 
in January, decrease slightly in Febru- 
ary, and remain constant through April. 
The monthly pattern of shrimp land- 
ings in 1981, 1982, and 1983 biological 
years was substantially different from 
the historical pattern (Fig. 4, 5; Table 
1). Compared with the monthly histor- 
ical means, the landings in 1981 were 
significantly greater for May through 
July, and continued to be above the his- 
torical averages in August and Septem- 
ber. Landings for October were average. 
Landings for the remaining months 
of the 1981 biological year, however, 
were below normal, particularly during 
February, March, and April. 
Below average landings carried into 
the 1982 biological year for May and 
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the Tortugas grounds (SS 1-3). 
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Figure 5.—Monthly landings —in 
pounds from May 1981 through De- 
cember 1984. 


June. Landings for July 1982 were aver- 
age, and for August they were slightly 
above normal. The large fall harvest, 
typical of the historical data, was defi- 
nitely missing in 1982, with the differ- 
ence in November being substantial and 
that in December being statistically 
lower. 

Not until March-June 1983 did the 
monthly landings exceed the histor- 
ical average. Below average landings 
from July through December continued 
through March 1984. The fall recruit- 
ment from September to November 
1983 did not occur as in past years. 
Landings were above average in April 
and May, with extremely small shrimp 
being landed (Table 1, 2). 
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From May through November 1984, 
landings were well below the average 
historical landings. But, landings peaked 
in December 1984 with a catch of 1.9 
million pounds, significantly above the 
historical landings for December. We 
noted differences in both 1981, 1982, 
and 1983 monthly landings compared 
with the historical monthly landings 
from 1960 to 1979, as well as the differ- 
ences in the monthly landings between 
1981, 1982, and 1983 (Fig. 4, 5; Table 
1). 

Fishing Effort 

Fishing effort from 1960 to 1982 aver- 
aged about 16,000 days per year with a 
standard deviation of +2,500 days and 
a 15.6 percent coefficient of variation. 
Highest fishing effort was 22,000 days 
expended in 1960 (Fig. 6). The lowest 
effort was 10,900 days expended in 1980. 
Fishing effort did not fluctuate greatly 
throughout the 24-year time period. 

Fishing effort during the closed pe- 
riod was lower than the historical aver- 
age by 12,800, 14,700 and 13,700 days in 
1981, 1982, and 1983, respectively. 


Relative Abundance 


The relative abundance of pink 
shrimp, as expressed by catch per unit 
of effort (CPUE), is reported as pounds 
caught per 24-hour fishing day (pounds/ 
day). For the Tortugas fishing grounds 
the annual CPUE (the mean of 12 
monthly CPUE’s) has been a remark- 
ably stable parameter from 1960 
through 1982 (Fig. 7). CPUE. averaged 
600 pounds/day with a standard devia- 
tion of +79 pounds and a 13 percent 
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Figure 6.—Pink shrimp fishing effort on the Tortugas grounds (SS 
1-3) by biological years for 1960-83. Solid line is the mean fishing 
effort, broken lines are at + one standard deviation. 


coefficient of variation. The highest an- 
nual CPUE was 797 pounds/day record- 
ed for 1981, and the lowest was 479 
pounds/day recorded for 1982 and 505 
pounds/day in 1983. 

The uniformity of the annual average 
CPUE’s for these 24 years is somewhat 
misleading as there are large differences 
in the monthly CPUE’s between months 
(Fig. 8). Measures of monthly CPUE 
from 1960 to 1979 reveal low CPUE’s 
of around 500 pounds/day in May and 
June. They increase to 650 pounds/day 
in July and August, and increase to 800 


pounds/day in September. A peak is 
reached at about 940 pounds/day in Oc- 
tober, after which there is a steady 
decline to a low of about 450 pounds/ 
day in February. In March and April, 
CPUE’s increase slightly to about 500 
pounds/day. 

With the closure of the sanctuary area 
to trawling in May 1981, the monthly 
CPUE dropped from the May figure of 
>1,200 pounds/day to around 700 
pounds/day in June and remained at that 
level through September. A spike oc- 
curred in October at 1,400 pounds/day, 
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Figure 7.—Catch per unit effort by biological years for 1960-83 in sta- 
tistical subareas 1, 2, and 3. Solid line is the mean, broken lines are 
+ one standard deviation away. 
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Figure 8.—Monthly CPUE means for shrimp- 
ing on the Tortugas grounds (SS 1-3) for the 
biological years 1960-79. Each + is one stand- 
ard deviation from its mean. 


but in November the CPUE dropped to _ ber to about 1,500 pounds/day, followed 
about 600 pounds/day, rose in Decem- by a gradual decline to about 400 
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Figure 9.—Average monthly historical 
CPUE compared with the CPUE 
from may 1981 through December 
1984. 


pounds/day by April (Fig. 9). The 
CPUE during the 1981 biological year 
fluctuated radically, whereas in the 1982 
biological year the CPUE was much 
steadier, averaging about 478 pounds 
(Fig. 9 and Table 1), and from Septem- 
ber 1982 through February 1983 CPUE 


was <400 pounds per day. 





With the opening of the toe area of the 
boot to fishing in March 1983, CPUE 
rose to 638 pounds/day and stayed at 
that level through May. From June 
through December 1983 the CPUE was 
extremely low, and well below the his- 
torical monthly average (Fig. 8). With 
the exception of April and May 1984 the 
CPUE was well below the monthly his- 
torical average through November 1984. 
The toe of the boot area was again 
closed to fishing in August 1984 and in 
December the CPUEF was almost dou- 
ble the December historical average. 

In comparing the monthly CPUE’s 
with the historical data, we plotted a 
ratio of the monthly CPUE from Janu- 
ary 1981 through December 1984 over 
the historical CPUE for 1960-79. These 
data revealed a higher relative abun- 
dance of shrimp on the grounds in 1981 
than the historical norm. In 1982 the 
shrimp abundance was below the histor- 
ical norm except in May (Fig. 10). With 
the opening of the toe to fishing in April 
1983, the abundance on the Tortugas 
grounds was less than during the 
1960-79 period except for April and May 
1984. After the close of fishing in the 
toe in August 1984, abundance re- 
mained low until December 1984. 


Size 


Recruitment into the Tortugas shrimp- 
ing grounds occurs during two periods 
of the year. The first recruitment occurs 
usually from August through October, 
with a second recruitment from March 
through May. The average size of 
shrimp measured by size categories of 
the FIMD has been used as an indicator 
of recruitment on the Tortugas grounds 
(Klima et al., In press). These data 
show large fluctuations within the 
1960-79 period. 

However, to provide a better measure 
of recruitment, we have examined the 
pounds of shrimp landed during these 
critical months (Table 2). If the land- 
ings for a given month exceeded the his- 
torical average for the data set 1960-79, 
and if the average weighted mean size 
for that month was greater than the his- 
torical average, we called recruitment 
“good” or “better than average”’ for that 
month. The pluses on Table 2 indicate 
periods when recruitment was strong 
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Figure 10.—Ratios of current monthly CPUE’s to 
their corresponding historical means for the Tortu- 
gas pink shrimp fishery (SS 1-3). 


according to these criteria. Good re- 
cruitment in two consecutive months oc- 
curred in 1960, 1961, 1962, 1964, 1965, 
1966, 1969, 1977, 1979, 1980, and 1982. 

In March and April 1981, before the 
closure, there was a major recruitment 
of small shrimp onto the Tortugas 
grounds. Apparently there was no ma- 
jor movement of small shrimp onto the 
fishery grounds during the remainder of 
1981. Not until March, April, and May 
of 1983 was there major recruitment 
again onto the Tortugas fishing grounds. 

No detectable major recruitment was 
observed during the fall of 1983. Good 
recruitment was observed in April and 
May 1984. The commercial landings did 
not show large concentration of small 
shrimp entering the fishery from August 
to November 1984. This may be due to 
prohibition of fishing in the sanctuary 
and especially in the toe area from 
August to December 1984. Fishing in- 
creased dramatically in December 1984, 
with the large catches of 21-30 count 
shrimp composing over 50 percent of 
the landings. The ratio of mean monthly 
sizes from May 1981-December 1984 to 
the historical mean sizes showed some 
increase through December 1982 in size 
as would be expected if the management 
measures were effective (Fig. 11, Table 
3). However, with the opening of the 
tow area to fishing in April 1983, the 
average monthly size of shrimp landed 
was consistently smaller than the histor- 
ical monthly sizes (Fig. ll, Table 3). 


When the toe area was again closed to 
fishing in August 1984 the size of 
shrimp increased dramatically. 

Klima et al. (In press) have shown, 
using G-tests, significant differences in 
the monthly composition of size cate- 
gories between 1981 and 1982 and 
between 1981 as well as 1982 and the 
monthly historical size compositions. 
Although we have not gone through the 
rigors of statistical testing of the data 
from April 1983 to August 1984, we feel 
the size composition is clearly different 
from that of the closed fishing time from 
May 1981 to February 1983 (Fig. 10, 
Table 3). 


Fishing Effort 
and Catch 


We examined the landings in millions 
of pounds versus total projected fishery 
effort for 1960 through 1982 (Fig. 12). 
These data indicate the condition of the 
fishery, and a few years stand out: 1960, 
1965, 1977, and 1980. These data points 
show high landings at various levels of 
fishing effort. The 1981 landings were 
high with relatively low fishing effort, 
whereas 1982 and 1983 landings were 
low with moderate levels of fishing 
effort. 


Discussion 
The permanent closure of the Tortu- 
gas Sanctuary was established in May 


1981, but a small and extremely impor- 
tant part of the extremely southern end 


Marine Fisheries Review 





Fis! 
ALLOWED IN TOE 


JAN 1984 
\ 


TD 


DEC 1984 


ie 
WoO 


JAN 19862 





SIZE RATIO 








1 i 1 1 1 1 4 
156 20 25 30 35 40 45 
MONTHS 


1 1 
5 10 


Figure 11.—Ratios of monthly mean 
number of pink shrimp per pound 
from May 1981-December 1984 to 
monthly mean number of pink shrimp 
per pound for 1960-79. 
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Figure 12.—Catch versus fishing ef- 
fort for biological years 1960-82 from 
the Tortugas grounds (SS 1-3). 


of the sanctuary was open to fishing 
from April 1983 through August 1984. 
In evaluating the management regula- 
tions, we have specifically looked at 
landings, effort, CPUE, and size com- 
position from May 1981 through De- 
cember 1984 and have compared these 
catch statistics with the historical data 
from 1960 through 1979, using the 
biological year of May through the 
following April. 

The Tortugas fishery has been very 
stable, with average annual production 
of about 9.9 million pounds; it does not 
fluctuate greatly from year to year. The 
fishery is bounded naturally by trawable 
bottoms of loggerhead sponges and 
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Table 3.—Monthly average weighted number of pink shrimp per pound for 1960-79, 1981, 1982, 1983, 


bracketed portion indicates open fishing in toe of the boot). 





1960-79 1960-79 
Average Standard A 
number/ib. deviation 


and 1984 (+ indicates larger size group and - indicates smailer size group than historical 
1983 
Average 


1981 


number/ib. 


average; 
1982 1984 
Average 


Average 
number/lb. _ numberllb. 





57.4+ 
52.7+ 
44.2+ 
38.9- 
47.5- 


36.4- 
34.9- 
35.6 - 
42.1- 
46.8 - 


48.44 
45.7+ 
36.6 - 
55.0+ 
49.0+ 
43.3- 
41.3- 
39.3- 
43.6+ 
48.0+ 


58.0+ 
49.6+ 
44.2- 


[56.8 + | : | 
50.2+ i 


44.0- 
36.6 - 
36.1- 
49.4+ 
48.1+ 
58.7+ 











coral reefs where pink shrimp are pro- 
tected from trawling even though they 
may be present in high concentrations. 
The large area of untrawlable bottom 
surrounding the fishery grounds may be 
the reason why this fishery has been so 
stable since 1960. 

Historically, the recruitment of small 
shrimp onto the Tortugas grounds oc- 
curs between September and November, 
and in certain years there is also a ma- 
jor spring recruitment. In March and 
April 1981 (prior to the closure of the 
sanctuary), there was good recruitment 
of small shrimp onto the Tortugas 
grounds. That recruitment continued 
through May 1981, the closure period, 
and sustained the fishery through the 
remainder of 1981. The 1981 catch 
amounted to 10.2 million pounds. How- 
ever, there was no strong recruitment 
onto the Tortugas grounds again until 
March, April, and May of 1983. Con- 
sequently, the fishery from May 1982 
through April 1983 produced an all-time 
low of about 7 million pounds of 
shrimp. It would appear that the fishery 
had collapsed, but the drop was due 
primarily to limited recruitment of small 
juveniles onto the grounds. 

In April of 1983 the toe of the boot 
area of the sanctuary was open to fishing 
and the fleet took advantage of this 
opening and concentrated their effort on 
the extremely small and abundant 
shrimp, which was reflected in an in- 
crease of the average size of shrimp 
landed as well as landings of over 1.0 
million pounds per month. Recruitment 
was poor in the fall of 1983. Above aver- 


age recruitment was again observed in 
both April and May 1984. This peak 
spring 1984 recruitment was again 
rapidly harvested since the toe area was 
open to fishing, with a catch of over 1.0 
million pounds per month of extremely 
small shrimp (Fig. 5, ll). After the 
closure of the toe area to fishing in 
August 1984, the average size increased 
to a much larger size than the respec- 
tive monthly historical size. 

The fishery from May 1982 through 
April 1984 produced an all-time low of 
about 7 and 6.9 million pounds for the 
biological years 1982 and 1983, respec- 
tively. Production from May to Decem- 
ber 1984 was relatively low with a total 
yield of only 3.0 million pounds. The 
only exceptional month was December 
1984, in which 1.94 million pounds of 
large shrimp (33/pound average) were 
landed. 

We believe that the high production 
of large shrimp during December was 
due to the spring recruitment of shrimp 
that did not move onto the fishing 
grounds in August and September, but 
stayed either in the loggerhead sponge 
area north of the fishery or in the sanc- 
tuary. This stock apparently moved on- 
to the grounds in November-December 
1984. They were basically protected 
from the fishery either by the sanctuary 
or by the loggerhead sponges. However, 
this remains purely conjecture. For ex- 
ample, 150-200 count shrimp would 
take about 6 months to reach a size of 
20 count; therefore, shrimp of this size 
recruited to the sanctuary area from the 
Everglades during May, would take 
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about 6 months before they reach a size 
of 20 count shrimp (Berry, 1967). Fur- 
ther, the December 1984 fishery was 
basically concentrated in the extreme 
northern and northeastern part of the 
Tortugas fishery. 

The tone of the fishery from 1981 to 
1984 was set by the amount of recruit- 
ment and the opening and closing of 
fishing in the toe area. With good re- 
cruitment in the March through April 
1981 period, the stage was set for a good 
fishery, whereas the lack of recruitment 
in 1982 and 1983 resulted in devastating- 
ly low production. Good recruitment in 
the spring of 1983 coincided with the 
opening of the toe area to fishing, which 
we believe reduced the total yield be- 
cause of the excessive harvest of small 
shrimp. 


Summary 


Commercial pink shrimp landings 
from the Tortugas fishery were relative- 
ly stable from 1960 to 1979 and deviated 
very little from the mean of 9.9 million 
pounds with a standard deviation of 
about 1.7 million pounds and a 17 per- 


cent coefficient variation. This indicates 
a very stable fishery throughout this 
period. 

The Tortugas Sanctuary was closed to 
all resins <8 from May 1981 through 15 
April 1983. Commercial landing statis- 
tics from May 1981 through March 
1983, during the two closure years, were 
dramatically different. Production in 
1981 amounted to 10.2 million pounds, 
but it dropped to about 7 million pounds 
in 1982. 

In April 1983 the toe of the boot was 
open to fishing through August 1984. 
Landings during the 1983 biological 
year were 6.9 million pounds, again well 
below the annual historical average of 
9.9 million pounds. Annual production 


from April 1983 to March 1984 amount- 
ed to 7.1 million pounds. Annual pro- 
duction from January to December 1984 
amounted to 8.1 muilion pounds. Month- 
ly landings of over 1 million pounds 
were recorded in March, April, and 
May, a period of open fishing in the toe. 
After closing the toe area to fishing in 
August 1984, monthly landings remain- 
ed lower than their historical average un- 
til December when they peaked at 1.9 
million pounds, well above the Decem- 
ber historical average. 

Annual fishing effort from 1960 to 
1979 averaged about 16,000 days/year 
and did not fluctuate greatly. Fishing ef- 
fort during the closed period was 12,800, 
14,700, and 13,700 days in 1981, 1982, 
and 1983, respectively, less than the his- 
torical average. 

The relative abundance of shrimp on 
the Tortugas grounds as measured by the 
annual CPUE was remarkably stable 
from 1960 through 1982, with an aver- 
age of 619 pounds per day and a standard 
deviation of +79 pounds. The highest 
historical CPUE was 829 pounds/day 
recorded in 1980, the lowest figures 
were 479 pounds/day recorded in 1982 
and 505 pounds/day in 1983. Both 
figures were significantly different than 
the historical CPUE during the period 
1960-79. 

The size distributions of shrimp 
landed in 1981, 1982, and 1983 were 
different from each other, and were also 
different than the period between 1960 
and 1964 and the period between 1975 
and 1979. 

The yield in the Tortugas fishery is 
based on recruitment and amount of 
fishing effort expended on small shrimp 
in the sanctuary and/or toe of the boot 
area. 

Excellent recruitment was observed in 
March, April, and May 1981, with lit- 


tle observed recruitment in the fall of 
1981, and little recruitment in the spring 
and fall of 1982. In the spring of 1983, 
good recruitment was noted in March, 
April and May, with below average re- 
cruitment in the fall of 1983. Again, ex- 
cellent recruitment was noted in April 
and May 1984, with little observed re- 
cruitment in the fall of 1984. 

Landings as well as relative abun- 
dance as measured by CPUE were low 
throughout 1982 as well as in January 
and February 1983 and from April 1983 
to November 1984. The only exception 
to low landings and low levels of abun- 
dance was the high CPUE in May 1983 
and April and May 1984 associated with 
the harvesting of small shrimp as they 
moved into the toe area of the boot and 
onto the fishing grounds. 

Fishing within the toe area of the boot 
from April 1983 to August 1984 allowed 
the fishery to exploit small shrimp, 
resulting in an increase in the average 
size groups harvested and reducing 
overall yield to the fishery. Large, pre- 
dominantly 21-30 count, shrimp were 
caught in great abundance in December 
1984, presumably a result of protecting 
emigrating juvenile shrimp. 
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Fisheries Resource Assessment of the 
Mariana Archipelago, 1982-85 


JEFFREY J. POLOVINA, ROBERT B. MOFFITT, 
STEPHEN RALSTON, PAUL M. SHIOTA, and HAPPY A. WILLIAMS 


Introduction 


The Resource Assessment Investi- 
gation of the Mariana Archipelago 
(RAIOMA) was a 5-year program ini- 
tiated by the Honolulu Laboratory of the 
National Marine Fisheries Service’s 
Southwest Fisheries Center in 1980 to 
quantify the distribution and sustainable 
yield of insular fishery resources with 
commercial potential in the Mariana 
Archipelago (Fig. 1). 

To identify fishery resources with 
commercial value or potential, data 
from the commercial landings collected 
by the Governments of Guam and the 
Commonwealth of the Northern Mari- 
anas together with data from earlier re- 
search cruises were used to rank species 
of fish by their economic potential and 
importance to the subsistence fishery. 
Four species groups were thus identified 
as important fishery resources in the 
Marianas: 1) Tunas, 2) deepwater snap- 
pers and groupers, 3) deepwater shrimp 
Heterocarpus spp., and 4) akule or big- 
eye scad, Selar crumenophthalmus 
(Polovina'). 

The tuna resource has the greatest 
economic potential, but an assessment 
of the tunas in the Marianas would re- 
quire an assessment of the tuna stocks 
in the western Pacific which was beyond 
the scope of the program. Thus, infor- 
mation on the tuna resource in the Mari- 


'Polovina, J. J. 1981. Planning document for the 
assessment of marine resources around Guam and 
the Commonwealth of the Northern Mariana Is- 
lands. Honolulu Lab., Southwest Fish. Cent., 
Natl. Mar. Fish. Serv., NOAA, Honolulu, HI 
96812. Admin. Rep. H-81-10, 13 p. 
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Figure 1.—The Mariana Archipelago with the 22 islands and 
banks sampled during the RAIOMA Program. 


anas was obtained from historical catch 
and effort statistics provided by Japan- 
ese longliners and baitboats operating in 


The authors are with the Honolulu Laboratory, 
Southwest Fisheries Center, National Marine 
Fisheries Service, NOAA, 2570 Dole Street, 
Honolulu, HI 96822-2396. 











5.85 

136 458 

3.36 

24 3.71 

Average drift CPUE 4.68 





the fishery conservation zone (FCZ) 
around the Marianas (Polovina and 
Shippen?). 

The insular resources were assessed 
by a field program which consisted of 
six cruises, each of 40 days, using the 
NOAA ship Townsend Cromwell, from 
May 1982 through June 1984. On these 
cruises a systematic survey was con- 
ducted to measure geographic and 
seasonal variation of deepwater bottom 
fishes and shrimps at 22 islands and 
banks (Fig. 1). Also, intensive fishing 
experiments were conducted to estimate 
catchability of the bottom fishes and 
shrimps. A collection of all specimens 
which appeared to represent new 
records was developed. Two aerial sur- 
veys were made in an attempt to esti- 
mate the abundance of akule in the 
Marianas. Finally bathymetric surveys 


?Polovina, J. J., and N. T. Shippen. 1983. Esti- 
mates of the catch and effort by Japanese long- 
liners and baitboats in the fishery conservation 
zone around the Mariana Archipelago. Honolulu 
Lab., Southwest Fish. Cent., Natl. Mar. Fish. 
Serv., NOAA, Honolulu, HI 96812. Admin. Rep. 
H-83-1, 42 p. 
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Figure 2.—The bottom fish CPUE grouped into three catch 
levels. 


were conducted and chartlets produced 
for 11 islands and banks where existing 
bathymetric data were insufficient for 
fishing and fishery assessment work 
(Polovina and Roush*). This report sum- 
marizes the main findings of the 
RAIOMA Program. 


Deepwater Snappers 
and Groupers 


At each island and bank, an attempt 
was made to conduct a systematic fish- 
ing survey of the bottom fish community 
in the 125-275 m depth range. A total 
of 7,621 bottom fishes of over 30 species 


3Polovina, J. J., and R. C. Roush. 1982. Chartlets 
of selected fishing banks and pinnacles in the 
Mariana Archipelago. Honolulu Lab., Southwest 
Fish. Cent., Natl. Mar. Fish. Serv., NOAA, 
Honolulu, HI 96812. Admin. Rep. H-82-19, 15 p. 


were caught with handline gear during 
the six cruises. Gindai, Pristipomoides 
zonatus, accounted for 51.2 percent of 
the catch, and three species (gindai, 
yellowtail kalekale, P auricilla; and 
ehu, Etelis carbunculus) accounted for 
79.1 percent of the total catch (Polovina, 
In press). 

Catch per unit effort (CPUE) was 
measured by the number of fish caught 
per line-hour. For each bank, bank 
CPUE was computed as the mean of all 
the drift CPUE values, where a drift 
CPUE is the number of fish caught dur- 
ing an uninterrupted drift of the vessel 
while it is fishing in the 125-275 m depth 
range divided by the drift line-hours. 
The mean drift CPUE is presented for 
all 22 banks and islands in Table 1 and 
Figure 2. 
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Taken by bank type, the seamounts 
have the greatest mean drift CPUE (4.68 
fish/line-hou:), followed by the northern 
islands (3.19 fish/line-hour), and then 
the southern islands (2.46 fish/line- 
hour). The main inhabited islands of the 
Marianas are Guam, Saipan, Rota, and 
Tinian—all in the southern group. Fish- 
ermen at these islands exploit the local 
stocks of bottom fishes which most like- 
ly account for the relatively low CPUE 
values for the islands. The mean of the 
bank CPUE for the uninhabited islands 
and banks in the southern group is 3.36 
fish/line-hour which suggests that when 
islands with heavy fishing mortality are 
excluded, there is no difference in bot- 
tom fish standing stock between the 
northern and unfished southern islands. 
The seamounts, however, appear to sup- 
port a higher standing stock than the 
northern or southern islands and banks. 

Bottom fish species were stratified by 
depth. The results, summarized in Table 
2, show that the centers of distribution 
for black ulua or black jack, Caranx 
lugubris; \ehi, Apharens rutilans; and 
the yelloweye opakapaka, P. flavipinnis; 
and pink opakapaka, P. filamentosus, 
were between 164 and 183 m (90 and 
100 fathoms). Similarly, yellowtail kale- 
kale, kahala or greater amberjack, Seri- 
ola dumerili; and gindai were most 
abundant between 183 and 201 m (100 
and 110 fathoms). Species with deeper 
depth distributions, i.e., mean depth of 
capture >201 m (110 fathoms), were the 
pink kalekale, P. sieboldii; black 
grouper, Epinephelus sp.; ehu, and 
onaga, Etelis coruscans. Studying each 
fishing bank individually showed that, 
overall, depth distributions were similar 
over the archipelago. 

The approach to yield estimation for 
the deepwater bottom fishes is described 
in detail by Polovina and Ralston (In 
press). Using an estimate of catchabil- 
ity obtained from an intensive fishing 
experiment and a measure of bottom 
fish habitat together with the estimated 
relative abundance from the systematic 
survey, the total bottom fish biomass 
which can be exploited with handline 
gear was computed. The Beverton and 
Holt (1956) yield equation, together 
with estimates of growth and mortality 
parameters obtained from otolith and 
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Table 4.—Annual equilibrium bottom fish yield and yield 
per nautical mile of 200 m contour for the age at entry 
which maximizes the yield per recruit at a level of fish- 
ing mortality of F = 1.0. 


Total yield 
(vyear) 





Yield'/n.mi. 


Area of 200 m contour 








Table 3.—Annual equilibrium bot- 
tom fish yield in metric tons (t) for 
the age at entry which maximizes 
the yield per recruit for each 
species. 





Fishing mortality 
(F) 


Total yield 
() 





0.1 
0.5 
1.0 
1.5 
2.0 
25 116 





1Fy, and Yo, as defined by Gulland 
(1983). 


size-frequency data, was used to first 
determine the age of entry for each of 
the major species which will maximize 
the yield per recruit. Then with the esti- 
mate of unexploited biomass the equi- 
librium yield was estimated as a func- 
tion of fishing mortality. Also the 
change in the spawning stock biomass 
relative to its level in the absence of ex- 
ploitation can be computed with the 
Beverton and Holt yield equation as a 
function of fishing mortality. 

The equilibrium yield for the multi- 
species bottom fish complex fished with 
handline gear in the 125-275 m depth 
range for the 22 islands and banks of the 
Mariana Archipelago increases rapidly 
as a function of fishing mortality to a 
level of about 100 metric tons (t) and 
beyond that exhibits a gradual increase 
with increasing fishing mortality (Table 
3). In view of the flat-topped, yield 
curve which assumes constant recruit- 
ment and does not incorporate any 
economic considerations, an approach 


to determining the optimum equilibrium 


Northern Isiands and Banks 
Maug 
Asuncion 
Agrihan 


262.2 


Esmeraida 
Subtotal 


Southern islands and Banks 
Farallon de Medinilla 
Saipan 
Tinian 


Subtotal Mean 
Total yield from all banks = 109 t per year. 


TYield in kg/year. 





yield has been suggested (and adopted 
for several North Atlantic fisheries) as 
the yield corresponding to that level of 
effort where an increase of one unit of 
effort will increase the catch by 0.1 of 
the amount caught by the very first unit 
of effort (Gulland, 1983; 1984). 

The value of Fo, for the bottom fish 
resource in the Marianas is estimated to 
be F = 1.0, and the corresponding an- 
nual equilibrium yield is 109 t (Table 3). 
An approximate 95 percent confidence 
interval (CI) for this yield is 81-137 t 
(Polovina and Ralston, In press). About 
70 percent of this yield would come 
from the southern islands and banks, 27 
percent would come from the northern 
chain, and only 3 percent from the sea- 
mounts (Table 4; Fig. 3). At a fishing 
mortality of 1.0, the spawning stock 
biomasses for the seven major species 
are reduced 20-42 percent of their unex- 
ploited levels. Although the spawner 
recruit curve for these species is 
unknown, as a generic lower bound, the 
spawning stock biomass should not be 
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Figure 3.—Annual bottom fish yield grouped into three yield 
levels. 


reduced below 20 percent of its unex- 
ploited level if a serious reduction of 
recruitment is to be avoided (Bedding- 
ton and Cooke, 1983). 

The means of the annual equilibrium 
yield per nautical mile of 200 m con- 
tour for the northern banks, southern 
banks, and western seamounts are 212.9, 
228.5, and 264.4 kg/n.mi., respective- 
ly. The ratio of total yield for the ar- 
chipelago to the total length of the 200 
m contour is 222.4 kg/n.mi. (95 percent 
CI of 165.3-279.6 kg/n.mi.) (Table 4). 
These values suggest that the stocks in 
the Marianas are slightly less produc- 
tive than those in Hawaii where a lower- 
bound estimate of maximum sustainable 
yield of 272 kg/n.mi. of 200-m contour 
was obtained from a stock production 


me 


model applied to commercial catch and 
effort data (not including the recrea- 
tional fishing component) of snappers 
and groupers from Penguin Bank (Ral- 
ston and Polovina, 1982). 

If the entire archipelago is fished, P. 
flavipinnis and P. zonatus together will 
comprise about 50 percent of the catch 
(Table 5). 

Over the period 1980-84 it is esti- 
mated that annual bottom fish landings 
have increased from 6 t in 1980 to 20 
t in 1984 (Table 6). Although the loca- 
tion data were not always obtained for 
these data, it appears that 65-95 percent 
of this catch comes from around Guam 
and the remainder comes from Galvez 
Banks and Santa Rosa Reef south of 
Guam or areas in the Commonwealth of 








mm DD 
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Table 6.—Estimates of Guam fish landings, 
1980-84", 





Landings (t) 
Year Pelagic species Deep bottom fish 


1980 198 6 
1981 223 12 
1982 240 9 
1983 189 11 
19842 265 20 











‘Based on data from the Honolulu Labora- 
tory’s Western Pacific Fishery Information 
Network file on the Guam Division of Aquatic 
and Wildlife Resources offshore creel survey. 
Confidence interval + 30 percent of catch for 
pelagics and +50 percent of catch for bottom 
fish. 


2Estimate expanded from data from period 
June-September 1984. 


the Northern Marianas. Given the esti- 
mated equilibrium yield of 17.2 t for 
Guam and that the CPUE around Guam 
is about half of the archipelago average, 
it appears that Guam is already fished 
at its maximum sustainable yield and 
most probably overfished on the leeward 
coast. There may be an opportunity to 
increase the yield with more fishing ef- 
fort directed toward Galvez Banks and 
Santa Rosa Reef, but most of the addi- 
tional yield potential lies in the islands 
and banks to the north of Guam (Table 
4). 

The commercial landings at Saipan 
have ranged from 4 to 10 t, compared 
with the estimate of equilibrium yield 
of 29 t from Saipan, Tinian, Aguijan, 
and Esmeralda Bank (Tables 4 and 7). 
These sites are all within 30 miles of 
Saipan suggesting that there is an oppor- 
tunity to increase bottom fish landings 
from Saipan, Tinian, Aguijan, and Es- 
meralda Bank with a bottom fishing 
fleet operating out of Saipan and Tinian. 

Based on the catchability estimated 
from the intensive fishing experiment, 
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Table 7.—Estimates of the Commonwealth 
of the Northern Mariana Isiands commer- 
cial landings, 1981-83". 





Landings (t) 





Year Pelagic species Deep bottom fishes 





1981 
1982 


40.8 
47.2 
89.2 
123.8 


1983 
1984 





1Data from the Honolulu Laboratory's West- 
ern Pacific Fishery Information Network. 


Table 8.—Depth stratification for Heterocarpus spp. 
Depth Depth 
Meters Fathoms CPUE' Meters Fathoms CPUE' 


Heterocarpus ensifer H. laevigatus 
175 0 (continued) 
0.18 686 375 
0.15 732 
0.10 
0.09 








595 





1CPUE in kg/trap. 


the fishing mortality of 1.0 per year is 
equivalent to an annual fishing effort of 
74,153 line-hours. Thus, for example, 15 
small vessels each with two electric or 
hydraulic gurdies which fish 12 hours 
a day for 200 days a year can achieve 
this level of fishing effort and would 
have a fleet catch rate of 1.5 kg/line-hour 
with an annual average catch of 7.3 t per 
vessel. 


Deepwater Shrimp 


Deepwater shrimp, Heterocarpus 
spp., was sampled at depths from 360 
to 900 m (about 200-500 fathoms). The 
sampling gear consisted of Quonset* 
shaped traps about 90 by 66 cm at the 
base and a height of 46 cm. The frame 
is made of rebar and is covered with a 


4Reference to trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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wire mesh which is then covered on the 
top and two sides with a canvas cover. 
The entrances to the trap are two cones 
on opposite sides of the trap. Five traps 
were used on a string with a separation 
of about 40 m between traps. The traps 
were baited with mackerel. 

The shrimp catches were primarily H. 
ensifer, H. laevigatus, and H. longiros- 
trus which are stratified by depth (Table 
8). The catch rates of H. laevigatus were 
the highest of the three species and were 
greatest in the depth range 500-825 m. 

The systematic survey of the relative 
abundance of Heterocarpus spp. in the 
500-825 m depth range found little 
seasonal variation but considerable vari- 
ation in CPUE between banks. As with 
the bottom fishes, the seamounts had the 
highest catch rates (2.37 kg/trap-night), 
followed by the northern islands and 
banks (2.01 kg/trap-night), and then the 
southern islands and banks (1.39 kg/ 
trap-night) (Table 9; Fig. 4). 

A growth equation for H. laevigatus 
was estimated from a time-series of 
length-frequency data and estimates that 
the shrimp become susceptible to trap 
fishing at age 2 and that the females 
become sexually mature at age 4.5 
(Moffitt and Polovina’). Yield-per-re- 
cruit analysis indicates that an age-of en- 
try of 2 maximizes the yield per recruit. 
The Beverton and Holt yield equation 
estimates equilibrium yield as a func- 
tion of fishing mortality and the ratio of 
spawning stock biomass under exploita- 
tion to the unexploited spawning stock 
biomass (Table 10). At a fishing mor- 
tality of F = 0.5, the spawning stock is 
reduced to 20 percent of its original level 
in the absence of exploitation which has 
been suggested as a generic lower bound 
before a substantial decrease in recruit- 
ment may occur (Beddington and 
Cooke, 1983). At F = 0.5 the equili- 
brium yield from the entire archipelago 
in the 500-825 m depth range is esti- 
mated at 162 t, with a 95 percent CI of 
102-218 t, which would almost ex- 
clusively consist of H. laevigatus. About 
85 percent of this yield would come 
from the southern islands and banks, 13 


SMoffitt, R. B., and J. J. Polovina. The distribu- 
tion and yield assessment of the deepwater shrimp 
resource in the Marianas. Manuscr. in prep. 


basmati po i Te i 
in the 500-825 m depth range. 


CPUE 
(kg/trap) 





Area (n.mi.2) 
(500-825 m) 





1.88 
2.11 
1.96 
2.17 








Total yield (t) 
in 500-825 m 
depth 


56.3 

95.6 
124.2 
145.1 
161.5 
174.1 
181.1 


Spawning stock biomass 
under F/unexploited 
spawning biomass 





0.70 
0.51 
0.37 
0.27 
0.20 
0.15 
0.11 





percent from the northern islands and 
banks, and about 2 percent from the sea- 
mounts (Table Il; Fig. 5). 

Although there have been several 
short-lived attempts to harvest deep- 
water shrimp around Guam, there is 
currently no shrimp fishing around 
Guam or anywhere else in the Mari- 
anas. Given that the catch rates around 
Guam are <5S0 percent of the catch rates 
at most other banks, any shrimp fishing 
should target areas other than Guam. In 
the southern islands the best shrimp 
fishing areas are Saipan, Tinian, and 
Aguijan (Table 9). Although Galvez 
Banks and Santa Rosa Reef south of 
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Figure 4.—Deepwater shrimp CPUE grouped into two catch 


levels. 


Guam have good catch rates, the strong 
currents encountered there during the 
assessment work resulted in consider- 
able trap loss. 

The estimated catchability from the 
intensive trapping and the F of 0.5 cor- 
respond to an effort of 280 trap-nights/ 
n.mi.?. Given a total habitat of 800 
n.mi.? from 500 to 825 m, an annual 
effort of 224,000 trap-nights would pro- 
duce the fishing mortality of 0.5 for the 
entire archipelago. Thus, for example, 
28 small vessels which each set 40 
traps/night for 200 nights/year would 
produce this effort and have an average 
fleet catch rate of 0.7 kg/trap-night and 


24 


an average annual landing of 5.8 t/ 
vessel. 


Other Resources 


There is a substantial resource of 
tunas and other pelagic species around 
the Marianas. The Japanese longline 
catch and effort data for the period 
1965-79 and Japanese baitboat data for 
the period 1970-79 within 50 n.mi. and 
within the FCZ around Guam and the 
Commonwealth of the. Northern Mari- 
anas have been analyzed by Polovina 
and Shippen? The total annual tuna 
catches from Japanese longliners within 
the FCZ around Guam ranged from 9 


Figure 5.—Annual deepwater shrimp yield grouped into three 


yield levels. 


Table 11.—Equilibrium yield for Heterocarpus spp. in the 
500-825 m depth range. 


Area 





Yield" 





54.1 
16.3 
7.8 
24.7 
3.9 


Saipan 
Tinian 
Aguijan 
Rota 
Guam 
Galvez and 
Santa Rosa 20.2 
Subtotal 137.6 


Seamounts 
Bank C 
Bank D 
Pathfinder 
Arakane i 
Bank A 0.6 

Subtotal 3.6 

Farallon de 
Medinilla 


10.6 Archipelago total = 161.5 





‘Metric tons/year based on a fishery mortality of 0.50. 
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to 1,334 t, and the annual catches within 
the FCZ around the Commonwealth of 
the Northern Mariana Islands ranged 
from 71 to 576 t. Billfish catches typical- 
ly were about 10-30 percent of the total 
tuna catch. The total annual tuna catches 
from Japanese baitboats within the FCZ 
around Guam ranged from 83 to 2,059 
t, and the catches within the FCZ 
around the Commonwealth of the Mari- 
ana Islands ranged from 2,554 to 12,564 
t. 
Annual catches of pelagic species 
typically from nearshore trolling, which 
include tunas, mahimahi, wahoo, and 
billfishes, are estimated at about 200 t 
for Guam and varied from 40 to 124 t 
for Saipan (Tables 6 and 7). 
Although the Japanese catches in- 
dicate that the magnitude of the pelagic 
resource is large it is also widely dis- 
persed. Fish aggregating devices are 
widely used throughout the Pacific and 
appear to be useful as a means of aggre- 
gating pelagic species and hence in- 
creasing catches, but the frequency of 
typhoons in the Marianas is an impedi- 
ment to their application. The expansion 
of the charter fishing industry may have 
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potential as a means of further exploit- 
ing the tuna and billfish resources, given 
the strong tourist industry in both Guam 
and Saipan. 

Akule, often called atulai or bigeye 
scad, is a popular resource which is 
usually netted or hooked in nearshore 
areas. Reported annual landings in 
Guam and the Commonwealth of the 
Mariana Islands are only about 5 and 
1 t, respectively, but much of the re- 
source does not go through the usual 
market channels and is not reported. 
The RAIOMA Program found akule 
present at most of the islands and banks 
but, given the seasonal nature of the 
resource and effect of moon phase on 
the catch rates, a systematic survey was 
not possible. Two aerial surveys were 
not effective in estimating the nearshore 
akule biomass. The estimated catch rate 
of akule in the Hawaiian Islands from 
1948 to 1982 varies from 0.4 to 0.9 
t/n.mi. of 200 m contour. If it is as- 
sumed that abundance of akule in the 
Marianas is equivalent to that in Hawaii, 
then the Marianas, where the length of 
the 200 m contour is 490 n.mi., would 
offer a range of harvest from 200 to 440 


t per year. However, most of the catches 
in Hawaii are by small purse seiners 
using aerial spotters, and these catches 
extrapolated to the Marianas may repre- 
sent upper bounds for the more tradi- 
tional gear. 
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A Small Vessel Technique for 


Tracking Pelagic Fish 


KIM HOLLAND, RICHARD BRILL, SCOTT FERGUSON, 


Introduction 


The advent of ultrasonic telemetry 
techniques for monitoring fish move- 
ments in the wild has greatly increased 
our understanding of the behavior and 
physiological capabilities of pelagic fish 
(Carey, 1983). The development of pres- 
sure sensitive transmitters has allowed 
insights into the remarkable pressure 
(depth) and temperature tolerances of 
these animals while simultaneously re- 
vealing their fine-scale horizontal move- 
ments. 

Previous tracking studies involving 
pelagic species have been carried out 
using large fishing or oceanographic 
research vessels. Because of the high 
operating costs of these vessels and the 
heavy demands on their time, compar- 
atively few fish have been tracked. Also, 
the tracks that have been made come 
from widely scattered areas. Thus, al- 
though valuable data have been acquired 
from individuals of several species, only 
rarely have enough replicate tracks been 
obtained to give a reasonable indication 
of the normal daily behavior of a species 
in a particular location. Pelagic species 
that have been tracked include skipjack 
tuna, Euthynnus pelamis (Yuen, 1970); 
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yellowfin tuna, Thunnus albacares 
(Carey and Olson, 1982); albacore, T. 
alalunga (Laurs et al., 1977); swordfish, 
Xiphias gladius (Carey and Robison, 
1981); blue marlin, Makaira nigricans 
(Yuen et al., 1974); mackerel sharks 
(Carey et al., 1981); and Atlantic salm- 
on, Salmo salar (Westerberg, 1982). 
This paper reports on the develop- 
ment of a technique for using a small 
vessel for the ultrasonic tracking of 
pelagic fish. Our system produces high- 
resolution data and is sufficiently adapt- 
able and cost-effective to allow pro- 
longed tracking efforts in a variety of 
situations. Because of its modest cost, 
a small vessel can be dedicated to a 
tracking project for extended periods. 
This permits acquisition of many repli- 
cate multi-day tracks. Thus, sufficient 
amounts of data can be acquired to yield 
reliable information about the sequen- 
tial daily behavior of a target species. 
Details of our system and methods have 
been included to allow other workers to 
adapt our techniques to their own needs. 
The impetus for development of our 
tracking technique began when the 
Honolulu Laboratory of the National 
Marine Fisheries Service (NMFS) 
Southwest Fisheries Center pioneered 





ABSTRACT—Tracking of pelagic fish has 
previously been conducted from large re- 
search or fishing vessels, both of which are 
expensive to operate. We have adapted ad- 
vances in ultrasonic tracking technology to 
permit tracking of pelagic fish from a small 
(33-foot) vessel. Sportfishing techniques have 
been successfully employed to capture fish 
for tracking. 

The use of a small vessel has many ad- 
vantages including maneuverability in con- 
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gested areas, the ability to work both offshore 
and close to shore, high responsiveness to 
changes in fish behavior, and low operating 
costs. Low operating costs allow the vessel 
to be utilized over extended periods, thereby 
permitting replication of experiments. High 
quality data on the vertical and horizontal 
movements of pelagic fish have been ac- 
quired for periods of up to 6 days. These 
techniques could be utilized to track fish in- 
expensively in a wide range of locations. 


the modern use of fish aggregating de- 
vices (FAD’s) by deploying several of 
these buoys in Hawaiian waters in 1975 
(Matsumoto et al., 1981). These deep- 
water FAD’s have proved to be very ef- 
fective and their use has spread through- 
out the Indo-Pacific (Shomura and Mat- 
sumoto, 1982). However, the influences 
of FAD’s on fish behavior which result 
in the aggregation of pelagic fishes at 
these buoys are not understood. Given 
the importance of FAD’s, the high costs 
associated with FAD deployment, and 
unanswered questions relating to stock 
harvesting and management, we ini- 
tiated a project using ultrasonic trans- 
mitters and a small pursuit vessel to 
document the movements of pelagic 
species associated with FAD’s. To date, 
our efforts have concentrated solely on 
yellowfin tuna and bigeye tuna, 7: 
obesus, with fork lengths between 50 
and 75 cm. 
Methods 

General 

Our two major objectives when equip- 
ping the vessel were simplicity and 
redundancy. The data acquisition and 
recording systems were designed to em- 
phasize shore-side data processing, 
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thereby maximizing the use of on-board 
space and equipment for actual acqui- 
sition and storage of high-quality raw 
data. Secondary objectives were mini- 
mizing operating costs and maximizing 
crew comfort, thus improving our abil- 
ity to track fish for long durations. 


The Vessel 


The R/V Kaaheleale is a 33-foot 
vessel built for the U.S. Navy as a per- 
sonnel boat. It was acquired by the 
NMFS in 1979 and modified for near- 
shore fisheries research, primarily 
telemetry. As modified, the vessel has 
an open-stern deck, a semi-enclosed 
central cabin with engine beneath, and 
a fully enclosed forward cabin. The 
stern deck is equipped for fishing and 
tagging. The central cabin houses the 
steering console and an instrument rack 
containing the telemetry equipment, 
navigation equipment, and radar. The 
forward cabin is air conditioned and 
contains two bunks, a work bench, an 
expendable bathythermograph (XBT) 
system, and a microwave oven. 

The vessel is powered by a single 
screw driven by a GM-671' diesel en- 
gine through an Allison hydraulic 
transmission. Two 120-gallon fuel tanks 
are backed with a 50-gallon reserve 
tank. At cruising speed (11 knots), fuel 
consumption is 10 gallons/hour, at troll- 
ing speed (7.5 knots) it is 5 gallons/hour, 
and during tracking operations fuel con- 
sumption is usually less than 3 gallons/ 
hour. The main engine alternator sup- 
plies a 24 volt main battery which 
powers the starter motor, the radar, and 
autopilot. Radios, tracking instrumen- 
tation, navigation lights, and fathometers 
are powered by a separate 12V DC bat- 
tery bank. A 7.5 KW 120V AC diesel 
generator (Onan) is housed below a por- 
tion of the stern deck and powers the 
XBT system, the microwave oven, the 
forward cabin air conditioner, and an 
automatic 12V battery charger. 


Tracking Apparatus 


Transmitters 
Pressure sensitive 50 KHz ultrasound 


‘Mention of trade names or commercial firms does 
not imply endorsement by the National Marine 
Fisheries Service, NOAA. 
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Figure 1.—The directional hydrophone is shown with fiberglass faring re- 
moved. Holes in the faring permit attachment to hydrophone body and allow 
water to flood the space between the hydrophone and the faring. The hydro- 
phone sideplate has been removed to show hydrophone and preamplifier. 


transmitters were purchased from Vem- 
co, Halifax, Nova Scotia. Two types of 
transmitters have been used, one with 
an expected operation life of up to 22 
days and the other with nominal ex- 
pected life of 3 days. We have found 
maximum open ocean operating ranges 
to be about 0.8 miles for the 3-day tags, 
and about 0.5 miles for the 22-day tags. 
The transmitters are pressure sensitive 
such that the pulse frequency of the 50 
KHz carrier signal is directly propor- 
tional to increasing pressure (depth). 
Normal operating range is zero (surface) 
to 500 psi (370 m depth). The 22-day 
duration transmitters are cylindrical (8.0 
cm long and 1.6 cm diameter) and weigh 
27.7 g in air and 11.7 g in seawater. The 
3-day duration transmitters are of 
similar specifications. The transmitters 
are equipped with magnetically operated 
reed switches for rapid activation and 
have a nylon loop at one end for use in 
attachment to the fish (discussed later). 


Receivers 


The 12V DC amplifier/receivers (CR- 
40, CAI Co.) are matched to the trans- 


mitters with 50 KHz crystal-controlled 
oscillators. These receivers amplify and 
convert the telemetered pulses into an 
audible signal. Two receivers were in- 
stalled on the vessel in case one of the 
units failed during a track. 


Hydrophone 


The directional hydrophones were 
also manufactured by Vemvu. However, 
a small but very significant modifica- 
tion was made after delivery from the 
factory. This modification involved the 
fabrication and installation of a 2 mm 
thick fiberglass faring over the leading 
face of the hydrophone (Fig. 1). This 
faring serves to protect the actual sen- 
sor from physical damage and, more 
importantly, reduces noise generated by 
water passing over the hydrophone. The 
signal/noise ratio is improved to such an 
extent that usable data can be acquired 
at boat speeds in excess of 7 knots. We 
can therefore track and acquire depth 
data from fast moving fish. The faring 
also allows the boat to be driven at 11 


knots without damage to the hydro- 
phone. No reduction in operating range 
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position. Two triangular aluminum 
brackets mounted above the waterline 
erga. eat bana an bey ae 
the water when not in use. Bottom: The 


hydrophone mounting pole is lowered 
through the support brackets to a posi- 
tion in which the hydrophone is clear of 
the keel and is unaffected by turbulence 
from the boat hull. 


was observed following installation of 
the faring. 

The hydrophone is braced within a 
stainless steel bracket bolted to the end 
of a 10-foot length of 1-inch I.D. gal- 
vanized pipe. The shielded cable from 
the hydrophone to the amplifier is 
threaded through the pipe. Shielding the 
cable is necessary to reduce radio fre- 
quency interference. 

The hydrophone mounting pipe is de- 
ployed amidships using two triangular 
brackets, constructed of 1-inch I.D. 
aluminum tubing, which are bolted, one 
above the other, through the hull above 
the waterline. The pole is free to slide 
through the brackets and is held in place 
by thumbscrews. Thus, the hydrophone 
can be lowered for tracking and raised 
out of the water when not in use. This 
outrigger type of mounting allows the 
hydrophone to run about 5 feet below 
the surface and 6 feet to the side of the 
keel where it is unaffected by water tur- 
bulence generated by the hull (Fig. 2). 
During tracking, the hydrophone is 
secured facing forward in parallel with 
the keel of the boat, and localizing the 
transmitter (i.e., the fish) is accom- 
plished by turning the vessel. 


Depth Data Logging 


A data processor/frequency counter 
(Telonics, TDP-2) is connected to the 
audio output of the receiver. This pro- 
cessor unit provides a digital display of 
the inter-pulse interval which is re- 
corded manually at regular intervals and 
which gives an immediate indication of 
the fish depth and any changes in be- 
havior. A cassette tape recorder is also 
connected to the audio output of the 
receiver. This provides a continuous 
record of the telemetered depth data for 
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fine-scale plotting and analysis ashore. 
Navigation 
Three types of fixes are used to deter- 


mine the vessel’s position during track- 
ing. The primary navigational reference 
is by Loran C (Furuno LC-80). This 
unit provides latitude and longitude in- 
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Figure 3.—The ultrasonic transmitter is attached to the dorsal surface using 
two nylon tiewraps inserted through the dorsal musculature and pterygio- 


phores. 


formation and also the vessel’s course 
and speed. These latter data are useful 
in subsequent onshore analysis of the 
fine-scale movements of the fish. The 
waypoint storage capability of this unit 
also permits instantaneous information 
about the vessel’s current position rela- 
tive to starting or other important (e.g. 
FAD) positions. Supplementary visual 
fixes on charted landmarks are made 
using a hand-bearing compass or sex- 
tant. These visual fixes are made hour- 
ly to ensure the accuracy of the Loran 
C positions. The 24V DC radar unit is 
used to acquire accurate distances to 
landmarks or FAD’s. 


Oceanographic Information 


Knowled; ¢ of the thermal structure of 
the ocean is essential to interpretation 
of the movements of the fish. Tempera- 
ture data are acquired using a 110V AC 
expendable bathythermograph (XBT) 
system (Sippicon, Mass.). The XBT 
probes are deployed about every 3 hours 
or whenever the fish being followed 
moves into new waters (e.g., onshore to 
offshore). A bucket thermometer is used 
to verify the accuracy of the XBT sur- 
face temperatures. 
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Water current direction at FAD loca- 
tions is determined by visual inspection 
of plastic streamers attached to the 
FAD’s mooring chain. When operating 
in inshore areas (<100 fathoms) a fath- 
ometer is used to record ocean depth 
and to assist in determining geographic 
position. 

Fishing and 
Tagging Techniques 

The research vessel is equipped for 
both handline (drift) fishing and troll- 
ing. To date, most fish have been caught 
trolling. Artificial trolling lures tailored 
to the size of the target species are used 
with single ‘‘J’’-type hooks. Large reels 
(14/0, Penn Reels, Pennsylvania) and 
130-pound test line are used so that the 
fish can be reeled in rapidly to reduce 
capture stress. The reels are set with 
very light drag to reduce injury to the 
fish’s mouth. After the initial strike and 
run, the drags are tightened and the fish 
brought to the boat as quickly as possi- 
ble. Occasionally, the fish are towed 
behind the slowly moving vessel while 
the remaining fishing gear is retrieved 
and the stern deck prepared for tagging. 

The tagging cradle is located in the 


center of the transom. The cradle is a 
foam-lined, ‘‘V’’-shaped trough with 
one side hinged to allow variable gape 
to accommodate fish of different sizes. 
The fish to be tagged is lifted aboard, 
lightly wedged into the cradle and its 
eyes covered with a wet chamois cloth. 
These procedures are usually sufficient 
to immobilize the fish. Once aboard, 
species identification is verified, the 
hook removed, and mouth 

assessed and the fish length measured. 
Handling is performed without gloves 
which remove large amounts of mucus 
from the fish’s surface. 

Using the nylon loop embedded in 
one end of each transmitter, the unit is 
attached to the dorsal surface of the fish 
(adjacent to the second dorsal fin) using 
nylon “tie-wraps.” These are inserted 

the dorsal pterygiophores using 
sharpened hollow brass needles. Two 
tiewraps are used per fish; one passing 
through the transmitter loop, the other 
half way along the transmitter’s length 
to prevent the transmitter from wobbling 
from side to side. After insertion 
through the musculature, the tie-wraps 
are cinched down and trimmed (Fig. 3). 
The fish is then released. The entire 
operation requires the fish to be on 
board between 1 and 2 minutes. 


Tracking Techniques 


Testing of the transmitter/receiver 
system has demonstrated that maximum 
operational range is between 0.25 and 
0.8 n.mi., depending on the type of 
transmitter being used. Furthermore, we 
have established that maximum deflec- 
tion of the signal amplitude meter on the 
CAI receiver occurs when the transmit- 
ter is within about 200 m of the vessel. 
Consequently, during tracking we at- 
tempt to keep the fish at just the distance 
where maximum gauge deflection oc- 
curs. This gives us added confidence in 
the accuracy of our tracks and also that 
we are not unduly “crowding” the fish. 
The directional hydrophone (and there- 
fore the boat) is kept pointed at the fish 
by maximizing the audio output of the 
receiver. The small size of the vessel 
permits rapid changes of direction and 
rapid identification of the direction of 
the signal. Due to the noise reduction 
resulting from the installation of the 
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hydrophone faring, a fish can be pur- 
sued at up to 7 knots if it appears to be 
drawing away. At higher pursuit speeds 
depth data recording must be temporari- 
ly suspended because the noise of water 
rushing past the hydrophone masks the 
transmitter’s signal. 
Data Acquisition 

During tracking, four types of data are 
acquired: 1) A continuous tape of fish- 
depth data from the audio output of the 
CAI receiver, 2) water depth/tempera- 
ture profiles (XBT), 3) water depth, and 
4) navigational data. Navigational data 
are recorded every 10 minutes and in- 
clude: 1) Time, 2) heading/engine RPM, 
3) Loran C fixes, and 4) visual and radar 
fixes (usually taken hourly). When close 
enough to a FAD, its range and bearing 
from the vessel are also recorded every 
10 minutes. A narrative commentary is 
compiled to assist in subsequent data 
analysis. 
Data Analysis 
Vertical Data 

Figure 4 summarizes the system for 
acquisition and analysis of vertical 
movement data. Once ashore, the re- 
corded information is played from the 
cassettes into a Telonics TDP2 Data 
Processor. This processor is modified 
to output a +5V DC square wave each 
time a sound pulse is detected. A Hew- 
lett Packard (HP) frequency counter 
(HP5308A) is used to time every other 
pulse interval. An HP 9845 computer 
with real-time clock converts the pulse 
intervals to depth and plots a graph of 
depth versus elapsed time. This original 
hard copy of the fish’s swimming depth 
contains some erroneous points which 
are eliminated by tracing the depth-time 
profile on an Apple computer digitizer 
pad. This “cleaned” track (where depth 
is plotted every 10 seconds) is then 
stored on floppy disks prior to final plot- 
ting and analysis. Bathythermograph 
temperature profiles are superimposed 
on the final printouts (Fig. 5). 


Horizontal (Position) Plotting 


Because of the proximity of the track- 
ing vessel to the target fish, no attempt 
is made to distinguish between the posi- 
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Figure 4.—Schematic representation of the data acquisition and analysis 
process. 
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Figure 5.—A 45-minute vertical movement plot. Continuous recording of 
vertical movement data on cassette tapes allows both fine-scale and large 


phenomena to be 


. Superimposing XBT data indicates that the swim- 


ming depth of this — tuna is strongly influenced by the 15° and 17° C 


isotherms. Depth data o 


track. 


tions of the two. Plots are made on navi- 
gation and bathymetry charts based on 
Loran C positions recorded manually at 
sea. These relative positions are 
checked against the visual and radar 
fixes that were concurrently collected. 
Where applicable, fathometer readings 
are used as cross references for the other 
navigational data. Fine-scale movements 
of fish in the immediate vicinity of 
FAD’s are plotted using manual records 
of the buoy’s range and distance relative 
to the vessel. 


Results 
Since the installation of the tracking 


if this type are recorded for the entire duration of each 


equipment in its current form, we have 
acquired 11 tracks of yellowfin tuna and 
2 tracks of bigeye tuna that were caught 
near FAD’s or near the adjacent coast- 
line. The duration of the tracks ranged 
from 8 hours to 6 days. 

All but one of the fish was caught by 
trolling. The small (6/0) size of hooks 
and light drag settings result in com- 
paratively minor hook wounds. In only 
one instance has a fish died immediate- 
ly upon release. All others have shown 
rapid recoveries to, what we believe, 
based on consistency within and across 
samples, is normal behavior. None of 
these tracks have been terminated due 
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Figure 6.—Fine-scale horizontal plotting. Loran C, radar, and visual fixes allow fine-scale movements to be plotted. 
After arriving at FAD “V” off of Waianae, Oahu, this 55 cm yellowfin tuna spent about 85 percent of the next 5 
hours cn the upcurrent side of the buoy. The “Figure 8” movement of the buoy can also be plotted. 


to death of the fish. 

Captive fish tagged with the “double 
tie-wrap” method and observed in large 
tanks at the Kewalo Research Facility of 
the NMFS Honolulu Laboratory were 
able to swim normally with the school 
and appeared healthy after the 2-week 
observation period ended. In addition, 
a fortuitous recovery of a tagged fish by 
a fisherman attests to the suitability of 
our trolling/tagging technique. This fish 
was caught by a fisherman trolling near 
a FAD 3 weeks after we obtained a 36 
hour track of it. 


Discussion 

Although almost all of the technology 
incorporated in the current research had 
been previously developed and utilized 
by others, we feel we have made signif- 
icant advances in successfully adapting 
these techniques to a small vessel. Also, 
the ability to chase pelagic, highly 
mobile fish at 7 knots in the open ocean 
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and still simultaneously collect vertical 
movement data is an innovation. We 
believe that our cassette recording and 
subsequent plotting of the vertical move- 
ment data has produced higher resolu- 
tion vertical movement data than have 
previously been published. The con- 
tinuous depth record has revealed phen- 
omena (such as rapid vertical excursions 
and small scale oscillations) that man- 
ually collected data would have missed 
(Fig. 5). When the XBT data are super- 
imposed on the tracks, much of the ver- 
tical behavior shows correlations with 
temperature (Fig. 5). Similar tempera- 
ture influenced behaviors have been 
observed in bluefin tuna, Thunnus thyn- 
nus (Carey and Olsen, 1982). 

The Loran C system of geographic 
plotting, when referenced with visual 
fixes, provides high resolution position- 
ing of both large- and small-scale move- 
ments (Fig. 6). When Loran informa- 
tion is used in conjunction with visual 


fixes and radar ranges, smali-scale 
movements of both the fish and FAD’s 
can be plotted. Knowledge of the rela- 
tionship between signal amplitude and 
transmitter distance lends confidence to 
the precision of the small-scale plots. 

The small size of the tracking vessel 
has proved to have several advantages. 
For example, while able to pursue fish 
in the open ocean, the maneuverability 
of the vessel has also permitted unobtru- 
sive data collection even when in the 
midst of many other vessels fishing at 
the FAD locations. Also, fish have been 
tracked to within 200 m of shore where 
larger vessels could not safely go. 
Similar situations occur in other loca- 
tions such as straits, bays, lakes, and 
estuaries where tracking studies might 
be worthwhile but where large vessels 
would be too cumbersome. A vessel 
such as ours is capable of continuously 
following a fish both when it is moving 
in inshore (e.g., estuarine) waters and 
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also when it moves offshore where it 
would be beyond the range of fixed 
hydrophone arrays or of very small 
vessels such as skiffs. 

Of course, small vessels are not suit- 
able for mid-ocean work or offshore 
locations beyond refueling range. How- 
ever, they could be used very success- 
fully in association with a larger mother 
ship which could be performing other 
tasks while the small pursuit vessel was 
tracking. 

The comparatively low hydrodynamic 
and mechanical noise generated by our 
small hull allowed the hydrophone to be 
attached directly to the side of the boat, 
thereby precluding the need for complex 
towed arzays such as have been deployed 
in some other tracking studies which 
used large vessels. Similarly, because a 
small vessel is very maneuverable and 
can accelerate quickly, the hydrophone 
can be permanently locked in an orien- 
tation parallel with the keel and the en- 
tire boat turned to accomplish main- 
taining contact with the target fish. This 
high responsiveness eliminates the need 
for rotatable or multi-head hydrophone 
systems such as have sometimes been 
used in the past. 

Much of our tracking work has been 
conducted out of small boat harbors 
with depths of 2 fathoms or less and 
which would have been inaccessible to 
larger fishery research vessels. Each 24 
hours of tracking consumes about 70 
gallons of fuel. At this rate our vessel 
can track for at least 3 days without re- 
fueling, which can be conducted at any 
nearby small boat harbor. We have 
found crews of three sufficient for all 
phases of the field work. This, com- 
bined with the low fuel costs, makes the 
total operating cost of each tracking ex- 
pedition extremely modest when com- 
pared with the $5,000 to $15,000 daily 
costs of large research vessels or com- 
mercial fishing boats. Our modest ex- 
penses enable the vessel to be dedicated 
to the tracking project for extended 
periods. This allows replicate tracks of 


Also, because the vessel is committed 
to the tracking project full time, we can 
take advantage of short term increases 
in fish abundance and avoid fishing 
when fish are not abundant. Our abil- 
ity to use sport fishing techniques to ob- 
tain fish for tracking indicates that labor- 
intensive trapping methods or expensive 
bait-boat techniques are not obligatory 
for a successful tracking program. 

The small size and modular nature of 
the actual tracking equipment is such 
that it could be quickly installed on 
almost any suitable vessel. The major 
installation requirement is the bracing 
of the hydrophone brackets to the hull. 
However, since the bracket mountings 
are well above the water line, even this 
aspect of the installation could easily be 
repaired when the tracking is com- 
pleted. The availability of an AC power 
generator has proved to be essential. Not 
only does this provide XBT capabilities 
but also allows improvement in crew 
facilities such as hot food and air con- 
ditioning. 

The two major limitations of our 
system are fuel capacity and crew 
fatigue. We have solved the former by 
refuelling during prolonged tracks. 
However, this technique may be unique 
to our project because of the proximity 
of small boat harbors and the rhythmi- 
city of behavior of some of our fish 
which has allowed us to relocate them 
after temporary suspension of tracking. 
Crew fatigue is inevitable with a small 
vessel after a few days on water. We feel 
that in our case this could be substan- 
tially remedied by using only a slightly 
larger vessel (e.g., 40-45 ft) which 
would be somewhat more spacious and 
comfortable and yet which would retain 
the desirable characteristics of maneu- 
verability and low operating costs. 
Another possible technique would be 
the use of a shuttle vessel to exchange 
crews on the pursuit vessel. 

We are currently unable to be com- 
pletely sure whether or not the fish 


being tracked is travelling alone or in 
a school. We feel this shortcoming will 
be rectified by the installation of a 
chromoscopic fish finder. 

In general terms, however, we feel 
that we have developed a cost-effective 
technique for acquiring high-quality 
tracking data which could be adapted to 
a range of small vessels operating in a 
variety of situations and locations. This, 
in turn, will result in a significant in- 
crease in our understanding of the nor- 
mal behavior of commercially important 
fish species about which not much is 
currently known. Such an increase in 
our understanding will improve both 
management and fishing techniques. 
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Ice Requirements for Chilled Seawater Systems 


E. KOLBE, C. CRAPO, and K. HILDERBRAND 


Introduction 


Chilled Seawater (CSW) is becoming 
increasingly popular in the United States 
for the preservation of fish aboard cer- 
tain fishing vessels. Also called “slush 
ice” and “the champagne system,’ CSW 
has found recent application in several 
fisheries, many of which make use of 
portable tanks (200-2,000 1) aboard 
small inshore vessels (Dagbjartsson et 
al., 1982; Hansen, 1982; Eddie and 
Hopper, 1974). Larger-tanked CSW sys- 
tems aboard seiners and transport 
vessels may be even more common 
(Kelman, Undated). 

Canadian researchers and fishermen 
have done much to demonstrate and 
develop CSW on the North American 
Pacific coast. Flooded hold systems 
have, for several years, been used on 
Pacific salmon, Oncorhynchus spp., 
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ABSTRACT—This paper describes an an- 
alytical approach to estimate ice quantities 
required by fishing vessels using slush ice 
or chilled seawater (CSW) systems. The cal- 
culations specify ice required for different 
values of hold size, catch volume, and time 
at sea, under varying conditions of water 
temperature, hold insulation, and hold flood- 
ing strategy. Observations and measurements 
recorded during four trips on three different 
steel salmon packers were used to verify the 
procedure and support several recommen- 
dations for CSW system operation. 
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transport vessels (or “packers’”) in 
Canada and, more recently, on bottom- 
fish draggers. Nearly all of these sys- 
tems use air, bubbled into the tanks from 
a grid of pipes on the tank or fish-hold 
floor, to circulate cold water through the 
mass of newly-loaded fish’. This basic 
design is increasingly being used in the 
Alaska fishing industry. 

Adequate ice is necessary to chill the 
fish and water that will eventually flood 
the hold (in most cases), and to main- 
tain low temperatures during the trip. 
One rule of thumb is to first fill the tank 
or hold 1/3 full of ice, then flood to the 
top of the ice mass with water, and final- 
ly fill the tank with either fish or water 
(Dagbjartsson et al., 1982; Kelman, 
Undated). 

Canadian researchers have suggested 
a formula! to aid in loading the correct 
tonnage of ice at the beginning of a trip. 
Commonly employed by U.S. CSW 
users, the “Canadian Formula,” in short 
tons, is: TONS OF ICE NEEDED = 
(1/6) (MW + MF + TIME), where MW 
= tons of water to be chilled, MF = 
tons of fish to be chilled, and TIME = 
days duration of the trip. 

In some cases the tank is first filled 
with water and ice as the vessel awaits 
the loading of fish; under most circum- 
stances, a full hold is necessary for ade- 
quate vessel stability. Excess water then 
spills as fish are stowed in the tank. 
When operating in quiet water, a par- 
tially-filled tank may allow the operator 
to load less ice, dump no water, and 
completely fill the tank or hold only 
when it is time to begin the trip home. 
In these cases, the quantity of fish and 


'Chilled sea water system data sheet. Undated (ca. 
1975). Technol. Res. Lab., Can. Dep. Fish. 
Oceans, Vancouver, B.C. Unpubl. manuscr. 


water (MW + MF) is taken as the cap- 
acity of the tank in short tons. 

The Canadian Formula enables a ves- 
sel operator to get a generally conser- 
vative estimate of ice needs for typical 
summer British Columbia conditions, 
assuming a well-insulated hold (Gib- 
bard?). Subsequent experience then 
allows the fisherman to adjust ice ton- 
nage to more closely match the needs 
as influenced by local conditions. 

However, fishing conditions and CSW 
applications in Alaska or California may 
differ substantially from those in British 
Columbia. Many boats are inadequate- 
ly insulated, thus requiring more ice due 
to heat leakage into the hold during a 
trip. Conversely, sea, air, and fish tem- 
peratures in Alaska, for example, may 
be lower during much of the fishing 
season, thus calling for less ice than 
necessary during summer months at 
lower latitudes. 

This paper describes results of an an- 
alytical approach which enables one to 
project ice usage for CSW systems 
under a variety of circumstances. A 
series of algebraic equations coupled 
with appropriate simplifying assump- 
tions has been described in a BASIC 
interactive program operable on a per- 
sonal computer (see Appendix II). The 
procedure can evaluate the conse- 
quences of installing CSW without 
having adequately insulated the hold, 
estimate ice expense saved when high- 
quality insulation is installed, project ice 
use as environmental temperatures and 
fish volumes change, and, when condi- 
tions permit (e.g., aboard a docked pro- 
cessor vessel), investigate the effects of 


2Gibbard, G. A. 1982. Personal commun. Form- 
erly with Technol. Res. Lab., Can. Dep. Fish. 
Oceans, Vancouver, B.C. 





operating at various fill-levels in the 
tank. A series of measurements aboard 
Alaskan salmon packers verified the 


analytical procedure. 
Model Development 

The total tonnage of ice needed dur- 
ing any fishing trip must be adequate to 
serve four purposes: 1) Chill the ex- 
pected volume of fish, 2) absorb heat 
which leaks into the hold throughout the 
trip, 3) absorb heat resulting from the 
energy of bubbled air, and 4) chill sea- 
water taken aboard—first to “slush” the 
ice (make a slurry into which fish can 
be dumped), and then to fill the hold to 
a predetermined level. In most cases, 
the hold is completely filled to eliminate 
the unbounded free water surface which 
can lead to capsizing of the vessel. 


Ice Requirements for 
Fish and Water 


The mass of ice needed to cool fish 
or water to the final holding tempera- 
ture can be calculated from the follow- 
ing equation, written for the case of fish: 


(MI)L) = (MFXC,A(T, — T) @ 


mass of fish added, 
specific heat of fish, 
mass of ice which 
melts, 
latent head of fusion 
for ice, 
= initial temperature of 

water added to tank, 
and 

T, = final temperature of 
the mixture. 


The initial temperature of water added 
to the tank, 7;, would be the sea sur- 
face temperature. The final temperature, 
T), is the temperature of the CSW mix- 
ture, generally taken as —0.6°C (31°F), 
slightly below the ice-melt temperature 
of 0°C (32°F) due to the salinity. 

Based on recent measurements 
aboard Oregon bottomfish trawlers, this 
is also a good approximation for the ini- 
tial fish temperature prior to stowage in 
the CSW tanks. While tests showed that 
some fish recently brought from the 
ocean floor will be colder than the sea 
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surface temperature, and that some 
lying on deck will be warmer due to 
solar and air heating, the average ap- 
peared to be close to the temperature of 
the sea surface. 


Ice Requirements 
for Heat Leakage 


The mass of ice required to absorb the 
heat which leaks into the slush-ice tank 
during the voyage can be calculated as: 


(MI;,(L) = (U)(A) Xx 
(Tout — Tin)(TIME) (2) 

Where MI, mass of ice which 

melts, 

L latent heat of fusion 

for ice, 

U an overall heat trans- 

fer coefficient, 

A the boundary area 
through which heat 
is transferred, 

= external ambient 
temperature, 

T; = temperature of the 

slush ice mixture, 

TIME = length of voyage. 


Tout 


The value for T,,,, is assumed to equal 
the sea surface temperature. This is 
based on documentation of weather data 
from regions of Atlantic Canada which 
indicated that for summer conditions, 
sea surface and air temperature averages 
were quite similar (Merritt et al), an 
assumption verified by measurements 
taken during the series of trips reported 
below. The analysis ignored the fact that 
engine room temperatures will be much 
warmer than those of the surrounding 
seat, This is a reasonable simplification 
since the bulkhead separating the engine 
room from the fish hold constitutes only 
about 10 percent of the total boundary 
area’ and is typically insulated more 
heavily than the other walls, floor, and 
deckhead. 


3Merritt, J. H., E. Kolbe, and W. Robertson. 1983. 
Refrigerated storage of fish at sea with particular 
reference to thermal insulation. Unpubl. Res. 
Rep., Can. Inst. Fish. Technol. Tech. Univ. Nova 
Scotia, Halifax, 250 p. 

‘Measurements during recent trips on Oregon 
bottomfish trawlers indicated engine room air tem- 
peratures of 18-39°C (65-102°F). 


The total boundary area can be ex- 
pressed as a direct function of a cubic 
tank volume: 


A = (6) (VY) (3) 


Where A = the boundary area through 
which heat is transferred 
and 

V = tank volume. 


However, holds or tanks which are not 
cubic in shape would have a greater 
surface-to-volume ratio. Dimensions of 
fishing boat holds compiled by Merritt 
et al3 indicate that use of a coefficient 
of 7.2 (rather than 6) in Equation 3 bet- 
ter describes the typical case; it is the 
relationship used in this analysis. 

The overall heat transfer coefficient 
U accounts for thermal resistance of the 
wall plus both inner and outer fluid 
films. However, resistances of the con- 
vective films in water and wind will be 
small compared with those of the wall 
sections and are thus neglected. 

Our analysis has assumed three levels 
of insulation for the representative wall 
sections shown in Figure 1 for the side 
walls and bulkheads of a 30 m (100-foot) 
steel vessel (Hanson, 1960; Merritt et 
al3). Note that the “RESISTANCE” 
value given for each level in Figure 1 
is the reciprocal of the overall heat trans- 
fer coefficient U. Calculations to deter- 
mine these resistance values followed 
two procedures: For “Level 1” and 
“Level 2” in which steel frames direct- 
ly contact inner and outer boundaries, 
the ‘Zone Method” outlined by 
ASHRAE (1981); for “Level 3” in 
which insulation covers the ends of the 
steel frames, an empirical method de- 
scribed by Munton and Stott (1978). 


Heat Load 
From Air Flow 


To the quantity of heat leaking from 
the outside environment must be added 
the quantity of heat due to throttling of 
compressed air injected into the CSW 
mixture to effect circulation. This rate 
of heat addition is equivalent to the rate 
of energy supplied by the air pump. 

The analysis first assumes the rate of 
air flow to be 0.152 m*/minute (at 1 
atm and 21°C) per square meter of deck- 
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Figure 1.—Representative steel wall sections with calculated resistance values used 
in the analysis of ice consumption. 


head (0.5 standard foot?/minute per 
square foot of deckhead) following Can- 
adian recommendations'. It next as- 
sumes deckhead area to be 30 percent 
of the boundary total, a figure represen- 
tative for vessel lengths in the range of 
25 m (80 feet)3. These assumptions with 
Equation 3 can then indicate volumetric 
flow rate of air injected into the CSW 
tank. 
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Air pressure required to overcome 
pipe friction and static head of water in 
the hold is typically 35-48 kPa gage (5-7 
psig). Semi-empirical relationships 
(Baumeister and Marks, 1967) give 
power into the air based on the required 
flow rate and supply pressure. The en- 
tire rate of energy supplied is assumed 
dissipated in the CSW tank. As an ex- 
ample, the rate of ice melt due to 


bubbled air into a representative 30 m 
(100-foot) vessel having a hold volume 
of 176 m? (6,200 feet?) will be on the 
order of 0.07 t/hour (0.08 short tons/ 
hour). 


Fill Strategies and 
Equation Development 


As fish, water, and ice are added to 
the tank, the heat balances that match 
ice with heat sources are coupled with 
a volume balance to ensure that all 
necessary ingredients will fit into the 
tank. The analysis can select one of 
three cases for calculation: 1) Fill/Spill, 
2) Fill/No-spill, or 3) No-fill/No-spill. 


Fill/Spill 


In the Fill/Spill case, the tank is first 
flooded to the top with water and ice. 
This ensures a stable vessel while oper- 
ating in the open sea before fish are 
loaded. This case will require the great- 
est tonnage of ice because it must in- 
clude a quantity to chill water that will 
be dumped later. 


Fill/No-spill 


In this case, water is initially filled to 
the level of the ice, creating a slush, 
after which fish are added. If the tank 
is not then full, more water plus the 
necessary extra ice is added until the 
tank is full. 


No-fill/No-spill 


In rare circumstances, such as in a 
docked or anchored processing vessel, 
tanks can safely remain partially filled. 
In this case, water is first filled to the 
level of the ice to create a slush, and 
then fish are added. 

A summary of equations developed 
for each of these fill strategies ap ears 
in Appendix I. 


Boundary Conditions 


Throughout the calculation proce- 
dure, the program checks to ensure that 
certain boundary conditions are not ex- 
ceeded. One check warns if the volume 
of the ice-water-fish mixture exceeds the 
total tank volume, a condition easily 
reached when loading excessive 
amounts of fish. 

A second check warns if the volume 
of the bulk-loaded ice exceeds the tank 
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beara ee —9- of loosely packed ice (from 


‘AO, 1975; Merritt, 1978). 
Specific volume 
2.1-2.3 mt (67-74 feet*/short ion) 
1.6-2.0 mit (51-64 feet*/short ton) 
1.7-1.8 mt (55-58 feet*/short ton) 
1.4-1.6 mit (45-51 feet*/short ton) 











volume even before fish are added to the 
tank. Specific volumes (volume per unit 
mass) are given in Table 1 for various 
types of ice. Excessive ice volumes can 
occur when trips are long, tanks are 
small (and thus have high surface-to- 
volume ratios), and when insulation is 
poor. Even if bulk ice volume does not 
exceed the tank volume, there may be 
problems if so much ice were carried 
that inadequate space remained to ini- 
tially load a large volume of fish. The 
program issues a warning if bulk ice 
volume exceeds 90 percent of the tank 
volume. 

Because an adequate chill rate of the 
fish will be achieved only if the bubbled 
air-driven cold water can circulate, a 
third check is on the fish packing dens- 
ity. If this is too great, it will prevent 
adequate cold water circulation through- 
out the entire load. This analysis as- 
sumes a maximum permitted fish load- 
ing density of 670 kg/m> (42 pounds; 
foot?), a value found by National 
Marine Fisheries Service researchers to 
be valid for small tanks*. This is slight- 
ly lower than the value of 720 kg/m? 
(45 pounds/foot?) given by Gibbard 
and Roach (1976) for refrigerated sea- 
water systems and used for large-tanked 
CSW systems as well**. 


Calculation of Results 


The analytical procedures describing 
ice required under various conditions 
and loading strategies have been writ- 
ten as a BASIC computer program (Ap- 


5Collins, J. 1983. Personal commun. Formerly 
with Utilization es. Lab., Northwest Alaska Fish. 
Cent., Natl. Mar. Fish. Serv., NOAA, Kodiak, 


Alaska. 
SLee, F. 1982. Personal commun. Formerly with 
. Oceans, 


Technol. Res. Lab., Can. Dep. Fish 
couver, B.C. 


Van- 
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CASE 2 FILL/NO-SPILL 


eeeee 


eae 
INITIAL TEMPERATURE 
TANK VOLUME 
FISH TO BE LOADED 
NUMBER OF DAYS TO BE HELD 


MIN 


ICE MELT FROM BUBBLED AIR 
ICE MELT FROM WATER ADDED 
TOTAL ICE REQUIRED 
APPROX PERCENTAGE OF TANK 
OCCUPIED BY DRY 
BULK-LOADED ICE 





THIS IS ‘'SLUSH', A PROGRAM TO CALCULATE ICE REQUIREMENTS FOR CSW TANKED SYSTEMS 


TANK CAPACITY IS INADEQUATE TO HOLD ALL THE FISH REQUIRED. 
THE PROGRAM HAS DECREASED THE INPUT AMOUNT OF FISH TO BE LOADED. 


F 
1152 CUBIC FEET 
21.3 TONS 

2 DAYS 

2 HOURS 


3.1 TONS 
2.7 TONS 








Figure 2.—Sample output, ——— the ice required for the center hold 
of Trip 4 (Table 4). 


pendix I). Using thermodynamic values 
from ASHRAE (1981, 1982), and as- 
suming the use of flake ice (Table 1), 
the program allows the user to select in- 
sulation level, loading strategy, and 
other operating parameters to generate 
an output similar to that shown in Fig- 
ure 2. In this example, an attempt was 
made to input 22.5 short tons (20.4 t) 
of fish to simulate the loading rate ob- 
served during a summer trip in Alaskan 
waters. Because this exceeded the al- 
lowed packing density, the program has 
adjusted the fish tonnage to maximum 
capacity and has printed an appropriate 
message. 


Methods and Materials 


Four trips were made during summer 
1984 on three CSW salmon packers 
operating out of Kodiak, Alaska. These 
trips provided opportunities to observe 
procedures, estimate ice use rates, and 
measure significant temperatures and 
chill rates aboard vessels having dif- 
ferent levels of insulation. These data 
allow a comparison of observed ice re- 
quirements with those predicted using 
the calculations described. 

Temperatures were recorded manual- 
ly using a YSI Telethermometer Model 
42-SC (Yellow Springs Instrument 
Co). Typically, an array of nine therm- 


™Mention of trade names or commercial firms does 
not imply endorsement by the National Marine 
Fisheries Service, NOAA. 


istor sensing probes was placed in fish 
and water as loading proceeded. The 
quantity of ice loaded at the trip start 
was reported by the supplier of ice to 
the vessel. The ice remaining at the end 
of the trip was an estimate based on the 
number of totes (boxes) filled with un- 
melted ice plus, in some cases, judge- 
ment of the vessel operator on the 
amount left aboard after draining the 
tanks. 

All three vessels had commercially 
installed air blower and distribution sys- 
tems layed out in general agreement 
with Canadian recommendations'. All 
travelled to areas having relatively quiet 
water before loading fish; all ended trips 
by first draining tanks before returning 
to home port through unsheltered water. 
The vessels differed in hold size, lay- 
out, and insulation characteristics, and 
general description of each is given in 
Table 2. 


Results 


Ice use rates, as well as data influ- 
encing these rates, recorded during the 
four trips at sea appear in Table 3. 

The schedule of air circulation was 
similar for each vessel and trip. Air 
blowers typically operated for 20-30 
minutes when the tank was first flooded 
with water, then for about 10 minutes 
each time a load of fish was added from 
a catcher vessel. Total air pumping time 
ranged from 1 to 3 hours per day. (This 
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Table 2.—Characteristics of vesseis A-C used in trips 1-4. 





Tanked 
hold volume 





m>? _feet® 


Insulation’ 





86 3,037 


232.6 
332.6 
429.0 


compartments, each approximate- 
ly 2.1 m (7 feet) high, and each 
having air supply pipes on the 
floor. 


Bin boards to a height of 1.2 m 
(4 feet) from the floor separate one 
hold into smaller sections. 


Each of three holds is separate 
from the other. None of the holds 
had separating boards or parti- 
tions. 


20 cm (8 inches) of urethane foam 
on sides, floor, lazaret bulkhead, 
and deckhead; 30 cm (12 inches) 
of urethane foam on the engine 
room bulkhead. Insuiation under 
center floor sump is unknown. 


15 cm (6 inches) of urethane foam 
on all boundaries, including area 
under center sump. 


Except for tank liner and enciosed 
air space there was no insulation 
on boundaries of the forward and 
center hoids. Boundaries of the aft 
hold had 15 cm (6 inches) of ure- 
thane foam. 





1As reported by vessel operator. 
2Forward hold—not loaded with fish. 


3Center hold. 
“Aft hold. 


Table 3.—Observations during four trips at sea. 





Trip no. and vessel (letter) 





7 
A 


2 3 
A B 


4 
c 





fish before loading (°C) 


loaded ( 
loaded (t) 


3 
12.8 
12.8 


13.3-15.6 


. ice remaining 
at trip’s end (t) 


Est. ice used (t) 
Fill level of tank 


after loading (%) 


2 1.5 
11.7 12.2 
12.8 13.3 


12.8-15.0 13.3-16.7 


2 
12.8-13.3 
12.2-18.3 


12.8-16.7 





Center 
hold 





26.8 
9.1 


- 51.8 
16.4 


2.7-3.6 
§.5-6.4 


5.5-6.4 
10.0-10.9 


60 100 


20.5 
8.2 


1.8-2.7 
5.5-6.4 


100 





Table 4.—Recorded and calculated ice use rates. 





Recorded values 


Computer Calculations 


Calculations from 
Canadian formula 





Ice 
used 


Fill level 
after load- 
ing (%) 


Fill level Ice 
after load- used 
ing (%) () 


Assumed 
insulation 
level (Fig. 1) 


Fill level Ice 
after load- used 
ing (%) ® 





7.5-8.4 60 


§.5-6.4 60 


10.0-10.9 100 


8.2 
5.5-6.4 
3.6 


6.8 
18.1 
6.1 


Medium 


Medium 


100 15.2 


100 15.0 


100 15.7 


100 
100 
100 


5.9 
5.9 
5.3 
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period of air bubbling is shorter than 


The 15 compartments within the hold 
of Vessel A were not initially filled with 
equal quantities of ice. Several had no 
ice remaining at the end of the trip, al- 
though CSW temperatures appeared to 
stay close to 0°C (32°F) owing to water 
circulation between compartments. 
Trip 2 

The loading and air pumping sched- 
ule for Vessal A was similar to that for 
Trip 1. Before the start of this trip, the 
vessel operator separated the bin boards 
slightly, enabling better circulation of 
cold water between the 15 compart- 
ments. This improvement, plus better 
initial ice distribution, led to unmelted 
ice remaining in each compartment at 
trip’s end. 


Trip 4 


Vessel C’s uninsulated forward hold, 
not loaded with fish, had no tempera- 
ture probes so meltwater temperature at 
trip’s end was unknown. Both fish and 
ice were poorly distributed in the center 
and aft tanks. Although some ice re- 
mained in the center tank at trip’s end, 
it was all massed at one corner. Also, 
a small volume of chilled water was 
dumped from the center tank as the final 
fish loading took place. ratures in 
both tanks holding fish (center and aft) 
were uneven throughout the trip. 


Comparisons 


Table 4 compares recorded ice use 
rates with values calculated both with 
the analysis described above and with 
the Canadian formula. In addition to the 
influencing conditions reported above 
and data given in Table 3, the analysis 
used bulk ice volumes for flake ice, and 
an air pumping schedule of 2 hours per 


The analysis for the case of partially- 


*Operation of “Champagne” systems. . Inf. 
Bull. 80-1 (unpubl.). Technol. Serv. Branch, Dep. 
Fish. Oceans, Environ. Can. 5 August 1980. 
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filled tanks (No-fill/No-spill) assumes 
fish to be loaded at the maximum allow- 
able density, or minimum volume of 
water and ice. However for trips 1, 2, 
and 4 (aft hold), the operator loaded 
more ice and more seawater than neces- 
sary to achieve this maximum density, 
thus filling the tank fuller than the 
calculations would indicate. If the cal- 
culated “‘Fill level after loading” is cor- 
rected to match observed levels by add- 
ing seawater and the necessary extra ice 
to chill it down, the results (Table 4) 
allow comparison of calculated values 
(“corrected’’) with observed values at 
the same tank fill level. 

Similarly, the analysis for the filled 
tank of trip 3 assumed that no unmelted 
ice remained at the end of the trip. In 
fact, unmelted ice did remain, occupy- 
ing a volume that the analysis assumed 
was occupied by chilled water. The cor- 
rected value shown (Table 4) resulted 
from subtracting the amount of ice re- 
quired to chill a volume of water occu- 
pied by the observed excess ice. 

Discussion 

Perhaps the greatest uncertainty in 
calculating ice consumption lies in esti- 
mating the heat which leaks into the 
hold during a trip. This is because these 
calculations depend strongly on several 
factors which may be unknown by the 
vessel operator—perhaps the second or 
third owner of the vessel—or which are 
highly variable during a trip. Examples 
include: 


1) Nature of the fish hold boundary 
structure (e.g., frame spacing; connec- 
tions between hold liner and frames; 
presence and thickness of concrete 
floor; deck covering; nature of pene- 
trating structure like piping, manholes, 
and stanchions) and type, thickness, 
quality, or existence of insulation; 

2) Nature and degree of separation of 
adjacent compartments (e.g., warm fuel 
tanks or net lockers, hot engine room, 
additional cold CSW tanks); 

3) Area of the hold or tank boundary; 

4) Level to which the flooded CSW 


tank is filled; 


5) External heat transfer film coeffi-. 


cients—generally low and variable with 
wind speed if in air, and high if the sur- 
face is hit by spray or is below the 
waterline; 

6) External sea temperature and air 
temperature which may vary from day 
to day or from day to night; and 

7) Solar load on the deck or wall of 
the vessel. 


Despite these uncertainties and the 
approximate nature of some observa- 
tions documented in Table 3, the predic- 
tion of ice consumption shown in Table 
4 for these documented trips at sea are 
close to recorded values. The predicted 
consumption in the uninsulated forward 
hold of Trip 4 shows the poorest agree- 
ment with the observed result. This 
hold, which was unused, uninsulated, 
and adjacent to the engine room, ob- 
viously had much worse heat leakage 
rates than what was described using the 
resistance value for the “minimum” 
level of Figure 1. Structural penetrations 
and an uninsulated shaft tunnel could 
account for most of this difference. 

Although good insulation was re- 
ported by the operator of vessel A (Trips 
1 and 2), the use of ‘“‘medium”’ rather 
than “maximum” insulation resistance 
(Fig. 1) provided a closer calculation of 
the ice consumption rate. Again, undoc- 
umented structural penetrations would 
have decreased the effective boundary 
thermal resistance. 

As shown by Table 4, the Canadian 
Formula did not match observed results 
well at all. This was expected because 
it was not intended for these situations. 

The example calculation of Figure 2 
presents values (in British units) corre- 
sponding to ice consumption in the 
center hold of Trip 4 and gives relative 
quantities for the different heat sources. 
With the short air bubbling periods ex- 
perienced on these trips, expected ice 
consumption due to injected air is 
minor. 

For most calculations using the “max- 
imum” insulation level, ice consump- 


tion due to heat leakage is a minor frac- 
tion of the total. It is with less efficient 
insulation, as considered in the exam- 
ple of Figure 2, that heat leakage 
becomes significant and uncertainties 
more important. Research to gain a bet- 
ter understanding of thermal resistances 
of fish hold boundaries is presently 
underway at the Department of Agricul- 
tural Engineering, Oregon State Univer- 
sity, Corvallis. 
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Appendix I 


Relationships for the mass of ice re- 
quired to chill fish and to absorb heat 
leakage from the warm sea and air am- 
bient are presented in Equations (1) and 
(2) respectively. The mass of ice re- 
quired to absorb the energy of bubbled 
air is represented by the following 
equation: 


MI, = (0.08)(V/6,200)?3(TIME)(TAIR) 


where 0.08 = ice consumption rate (in 
short tons/hour) in a typical 30 m 
(100-foot) vessel; and 6,200 = a typical 
hold volume (in feet >) of the same ves- 
sel. Other symbols are defined in Ap- 
pendix Table 1. 

The additional ice required to absorb 
the heat of added seawater while oc- 


Appendix Table 1.—Symbols used in Equations (4) 
through (7). 





= Specific heat of seawater. 
= Latent heat of fusion of ice. 
Mass of fish. 
Mass of ice required to absorb bubbied air 


energy. 

Mass of ice required to cool stowed fish. 
Mass of ice required to absorb heat leakage. 
Mass of ice required to cool added water. 
Initial temperature of fish or water before 
stowage. 

Final temperature of fish and water in CSW 
tank. 

Hours per day that air is pumped. 

Duration of holding period in CSW tank. 
Specific volume of bulk loaded ice (see text 
Table 1). 

Tank or hold volume. 

Partial volume occupied by fish/ice/water mix- 
ture in the “Fill/No-spill” and ‘‘No-fill/No-spill” 


cases. 
Density of ice particles. 
Density of seawater. 

= Average density of fish flesh. 
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cupying the available volume in the 
tank, depends upon the fill strategy, as 
outlined in the report. The additional 
equations corresponding to these fill 
strategies appear below. 
Fill/Spill 

The mass of ice required to chill water 
originally added to flood the tank is 
given by: 


p: — (Ml + MI, + MIpIV 
+ loo} 





V L 
CAT — Th) 


Fill/No-spill 


In this case the volume occupied by 
anticipated ice, water, and fish is first 
calculated by Equation (6). The com- 
puter routine adjusts quantities up or 
down to achieve a balance. The ice re- 
quired for added water then results from 
Equation (7). 


v(MI, + MI, + MIL 





VP = 
L + (py/p)Cyw(T, — Tr) — ViPwCpw(Ti — 72) 


MI, -| 


PwOpwei(T; — Tr) 





pL + pwCy(T; — 72) 


No-fill/No-spill 


An estimated volume is first calcu- 
lated using Equation (6); ice quantity for 
added water follows from Equation (7). 
But for this case, there is no concern to 
balance the volume to completely fiil the 
tank. 


MF 


Pf 


| | vp — (MI; + Ml, + Mids (7) 





Appendix II 

This Appendix describes “SLUSH,” 
a computer program which calculates 
ice required in chilled seawater (or slush 
ice) fish holding systems. 

Holding fish in flooded-tank chilled 
seawater (CSW) systems provides sev- 
eral benefits. One is elimination of the 
need to shovel and distribute ice through 
the volume of bulk-loaded fish. Another 
is enabling rapid chilling of fish, es- 
pecially significiant when large catches 
are brought aboard. A third is providing 
buoyancy to the fish and thus avoiding 
crushing that can occur in bulk-loaded 
iced fish systems. 

Several conditions affect the success 
of these CSW systems. One is that the 
operator be aware of the vessel instabil- 
ity risks associated with partially-filled 
tanks. Another is that the bubbled air 
system normally used to bring about 
adequate circulation of cold water 
through the newly-loaded fish be prop- 
erly designed and installed. And a third 
condition is that the operator use suffi- 
cient ice and avoid overloading the tanks 
with fish. Use of program SLUSH ad- 
dresses this last condition and enables 
the user to learn how predicted ice con- 
sumption will vary with: 


1) Fish hold or tank volume, 

2) level of insulation in the bound- 
aries, 

3) filling strategy (whether the tank 
will be full or partially full), 

4) seawater temperature, 

5) amount of fish to be loaded, 

6) length of time fish is to be held, 


7) length of time air is bubbled into 
the tank. 


The program in BASIC language ap- 
pears as Appendix Table 2 at the end of 
this section. It is “interactive,” which 
means that the user enters information 
in response to questions which appear 
on the screen, and it requires a printer, 
since output appears both on screen and 
on printer. Input and output values are 
expressed in British (“Inch-Pound’’) 
units. 


Program Operation 
To operate the program, the user must 
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enter information in response to requests 
appearing on the screen. The requests 
with required information are: 


OCEAN TEMPERATURE (in °F). The 
expected sea surface temperature 
describes not only the warm seawater 
that will be chilled by ice in the hold, 
but also the approximate temperature 
of fish to be chilled. 


HOLD OR TANK VOLUME (in feet’). 


NUMBER OF DAYS ICE WILL BE IN 
THE TANK. 


NUMBER OF HOURS PER DAY 
BUBBLED AIR IS TO CIRCU- 
LATE. 


CASE NUMBER TO BE CALCU- 
LATED, where 
CASE 1 IS FOR FILL/SPILL, 
CASE 2 IS FOR FILL/NO-SPILL, 
CASE 3 IS FOR NO-FILL/NO- 
SPILL. 
FILL/SPILL refers to a tank that is 
first filled to the top with sea water 
and ice before any fish are loaded 
aboard. This is the usual case where 
vessel stability dictates that the tank 
must remain full at all times. As fish 
are loaded, cold water is spilled— 
overboard or to another tank. 
FILL/NO-SPILL refers to a tank that 
is loaded with fish, water, and ice in 
such a way that the tank is full at the 
end of loading. In this case a partially- 
filled tank is tolerated during loading; 
no cold water is spilled. 
NO-FILL/NO-SPILL refers to a tank 
that can be filled to whatever level is 
necessary to exceed the minimum 
allowed fish loading density—con- 
sidered by the program to be 670 
kg/m? (42 pounds/foot*). 


INSULATION DESCRIPTION 
MIN, MED, OR MAX, where 
‘MIN’ DESCRIBES A TANK HAV- 
ING ESSENTIALLY NO (“mini- 
mum’’) INSULATION, 

‘MED’ DESCRIBES A MARGIN- 
ALLY (“medium”) INSULATED 
TANK, and 

‘MAX’ DESCRIBES A WELL-IN- 


AS 


SULATED (“maximum”) TANK. 

The levels represented by these three 
descriptors appear in Figure 1 in the 
main text. Values of U, the overall heat 
transfer coefficient, were calculated for 
typical bulkhead and sidewall construc- 
tion of a 30 m (100-foot vessel). 


TONS OF FISH TO BE ADDED TO 
THIS CSW TANK. 


Program Output 


For each case, program output will 
appear on the printout sheet; Figure 2 
in the main text presents an example of 
this output. 

During calculation, the program 
checks to see that certain limits are not 
exceeded, and if they are, issues a warn- 
ing. These warnings include the follow- 
ing: 


WARNING: FISH LOADING DEN- 
SITY EXCEEDS MAXIMUM AL- 
LOWED VALUE OF 42 LBM/FT3. 
TRY LOADING LESS FISH. 
Experience has shown that filling the 
tank more than about two-thirds full of 
fish will prevent the bubbled air from 
promoting adequate water circulation. 
The result is that fish in the center are 
too slowly chilled. If the user enters an 
excessive mass of fish for the tank, the 
program will print the above warning on 
the screen and then await a new value 
of “TONS OF FISH TO BE ADDED”. 


WARNING: INITIAL BULK ICE 
VOLUME EXCEEDS TANK VOL- 
UME BY — %. TRY BETTER INSU- 
LATION OR LESS FISH. 

In a few circumstances of small tanks, 
poor insulation, or overloading, calcu- 
lations indicate a required amount of ice 
having a bulk volume which is simply 
greater than the volume of the tank. 
When this happens, the above warning 
(or one similar, depending on the fill 
strategy being considered) appears on 
the screen, then returns to await new 
values of insulation level and fish. The 
program presently assumes the use of 
“flake ice” having a specific volume of 
2.1 m/t (67 feet?/short ton). 


WARNING: INITIAL BULK ICE 
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VOLUME EXCEEDS 90% OF TANK 
VOLUME. MAY HAVE DIFFICULTY 
LOADING INITIAL CATCH. 

This message, which appears on the 
printer for Case 1 (FILL/SPILL) warns 
if the initially-loaded ice exceeds 90 per- 
cent of the volume (but occupies less 
than the full tank volume). If this oc- 
curs, the crew will have difficulty load- 
ing fish until sufficient ice melts to pro- 
vide the space. The program does not 
return for new input in this case, but 
continues on; the message appears with 
the printed output. 


TANK CAPACITY IS INADEQUATE 


TO HOLD ALL THE FISH RE- 
QUIRED. THE PROGRAM HAS DE- 
CREASED THE INPUT AMOUNT 
OF FISH TO BE LOADED. 

Calculations in Case 2 (FILL/NO- 
SPILL) automatically balance either the 
volume of fish or the amount of added 
water to arrive at a full tank. If the 
amount of fish was automatically de- 
creased, the above printed message ap- 
pears with the output of Case 2. If water 
(plus the required ice) is added to ar- 
rive at a full tank, the following mes- 
sage appears with the printed output: 
EXTRA WATER HAS BEEN ADDED 
TO FILL THE TANK. 


Appendix Table 2.—Program listing. 


PROGRAM HAS ADDED EXTRA 
WATER AND ICE TO REDUCE FISH 
PACKING DENSITY TO AN AC- 
CEPTABLE VALUE. 

The amount of water initially used in 
calculations for Case 3 (NO-FILL/NO- 
SPILL) has a volume equal to the voids 
within the bulk ice—that is, the water 
is filled to the level of the ice. If the 
volume of fish loaded exceeds the max- 
imum loading density of 670 kg/m> (42 
pounds/feet>) in this partially-filled 
tank, the program adds more water (plus 
ice to chill it), and prints the above 
message with the calculation results. 





"PROGRAM SLUSH VERSION 7/1/85 


THIS PROGRAM CALCULATES ICE REQUIREMENTS IN CSW TANKS 


E. KOLBE 
OREGON STATE UNIVERSITY 
SEA GRANT EXTENSION 


"Begin program by defining variables that are unlikely to change. 


"Note that all quantities are in British units. 
CF = .85 ‘Specific heat of fish 
Cw = .964 ‘Specific heat of sea water 


PRINT “IF CASE 1 IS FOR FILL/SPILL” 
CASE 2 IS FOR FILL/NO-SPILL 
CASE 3 IS FOR NO-FILL/NO-SPILL” 


PRINT “ 
PRINT “ 
PRINT 


INPUT “TYPE IN THE CASE NUMBER TO BE CALCULATED”;CASE 


LPRINT 
LPRINT 
LPRINT 


LPRINT “CASE”;CASE; 


ul = 144 ‘Latent heat of fusion of ice 

RHOW = 64 ‘Density of seawater 

RHO! = 57.5 Density of ice 

RHOF = 64 ‘Density of fish 

MIN = .811 Thermal transmittance for uninsulated wall, Btu/hr-ft2-F 
MED = .268 "Thermal transmittance for partiallly 


IF CASE =1 THEN LPRINT “FILL/SPILL” 

IF CASE =2 THEN LPRINT “FILL/NO-SPILL” 

IF CASE =3 THEN LPRINT “NO-FILL/NO-SPILL” 

LPRINT 

PRINT 

PRINT “IF ‘MIN’ DESCRIBES A TANK HAVING ESSENTIALLY NO INSULATION” 
‘insulated wall, Btu/hr-ft2-F PRINT “ ‘MED’ DESCRIBES A MARGINALLY INSULATED TANK,” 

MAX = .06 ‘Thermal transmittance for well-insulated wall (Btu/hr-ft2-F) PRINT “ ‘MAX’ DESCRIBES A WELL-INSULATED TANK,” 

CLS PRINT 

PRINT “THIS IS ‘SLUSH’, A PROGRAM TO CALCULATE ICE REQUIREMENTS FOR INPUT “TYPE INSULATION DESCRIPTION AS MIN, MED, OR MAX”;U$ 

CSW TANKED SYSTEMS” IF US = “MIN” THEN U = MIN 

LPRINT IF US = “min” THEN U = MIN 

LPRINT IF U$ = “MED” THEN U = MED 

LPRINT “THIS IS ‘SLUSH’, A PROGRAM TO CALCULATE ICE REQUIREMENTS IF U$ = “med” THEN U = MED 

FOR CSW TANKED SYSTEMS” IF U$ = “MAX” THEN U = a 

PRINT IF U$ = “max” THEN U = 

PRINT “SPECIFIC HEAT OF FISH ".CF;“BTU/LBM-F” PRINT 

PRINT “SPECIFIC HEAT OF SEA WATER ~ _";CW;““BTU/LBM-F” INPUT “TYPE IN THE TONS ga FISH TO BE ADDED TO THIS CSW TANK”; MF 

PRINT “HEAT OF FUSION OF ICE *sLI;“BTU/LBM” IF MF*2000/VTOT <= D GOTO 740 

PRINT “DENSITY OF SEAWATER *-RHOW;“LBM/FT3” PRINT “ 

PRINT “DENSITY OF ICE ”-RHOI;“LBM/FT3” PRINT “WARNING: FISH LOADING DENSITY EXCEEDS MAXIMUM ALLOWED 

PRINT “DENSITY OF FISH ";RHOF;LBM/FT3” VALUE OF”; 

PRINT “THERMAL TRANSMITTANCE,MIN. INSULATION ”;MIN;“BTU/HR-FT2-F” PRINT D; “LBMIFTS 

PRINT “THERMAL TRANSMITTANCE,MED. INSULATION”;MED;“BTU/HR-FT2-F” PRINT “TRY LOADING LESS FISH” 

PRINT “THERMAL TRANSMITTANCE,MAX. INSULATION”;MAX;“BTU/HR-FT2-F” PRINT “ 7 

"Next define variables that will change only under program development 

TF 3 31 ‘Final temperature of slush ice mixture, Fahrenheit 

D = 42 ‘Maximum allowed fish loading density, Lbm/Ft3 

VOLBKLICE = 67 ‘This is the volume (Cubic feet per ton) of dry bulk flake ice 

PRINT 

PRINT “CSW TEMPERATURE at ar 

PRINT “MAXIMUM PERMITTED FISH PACKING DENSITY”;D;“LBM/FT3” 

PRINT “SPECIFIC VOL OF DRY BULK-LOADED ICE ";VOLBLKICE;“‘FT3/TON” 

PRINT 

PRINT 

"Now define variables that may vary with each case 

INPUT “TYPE IN OCEAN TEMPERATURE, IN DEGREES FAHRENHEIT” TI 

PRINT 

INPUT “TYPE IN HOLD OR TANK VOLUME, IN CUBIC FEET”; VTOT 

PRINT 

INPUT “TYPE IN THE NUMBER OF DAYS ICE WILL BE IN THE TANK” TIME 

PRINT 

INPUT “TYPE IN THE NUMBER OF HOURS PER DAY BUBBLED AIR IS TO 

CIRCULATE” TAIR 

PRINT 


eenee? 


GOTO 

PRINT 

PRINT 

MIFISH = MF*CF*(TI-TF/LI ‘Total ice melt for fish 

MILKDA = .0864°U"VTOTt6678"(TI-TFY/LI ‘Ice melt per day for heat leak 
MILEAK = MILKDA‘TIME 

MIAIR = .08°((VTOT/6200)t.667)"TAIR“TIME ‘ice melt per trip due to air 
ON CASE GOSUB 1110, 1370, 1700 

L PRINT “INITIAL TEMPERATURE 

LPRINT “TANK VOLUME 

LPRINT “FISH TO BE LOADED 

LPRINT USING “###.#”:MF; 

LPRINT “ TONS” 

LPRINT “NUMBER OF DAYS TO BE HELD 
LPRINT “HOURS PER DAY OF AIR BUBBLING 
LPRINT “ASSUMED INSULATION LEVEL 

IF U=MIN THEN LPRINT “MIN” 

IF U=MED THEN LPRINT “MED” 

IF U=MAX THEN LPRINT “MAX” 


mare” 
"NTOT,“CUBIC FEET” 


"TIME: “DAYS” 
"STAIR; “HOURS” 


(Continued on next page.) 
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Appendix Table 2. continued. 





1082 PRINT “t*****ssteesteereeesccecccceccccnccenssccascnesacessaressen 


1083 PRINT 

1084 PRINT “ iF YOU'RE FINISHED RUNNING CASES,” 

1085 PRINT“TYPE ‘CANCEL’ (WANG) OR ‘CONTROL - BREAK’ (IBM)” 

1086 PRINT 

1087 PRINT “***tteeeeeeeeeeeneeennccssnceesesansccesncesenssensceanensy 

1088 PRINT 

1089 PRINT 

1090 GOTO 440 

1091 STOP 

1092 END 

1100 END 

1110 ‘Case 1 is for continually flooded tank; cold water spilled as fish added 

1120 MIWATVOL = (RHOI/2000 - (MILEAK + MIAIR + MIFISH)/VTOT) / (1 + 
oar ear -TF))) ‘Mass of ice per unit volume to chill water 

1130 MIWAT = 

1140 Mi = Be cgi + voorhhogd + MIAIR +MIWAT 

1150 IF VOLBLKICE*MI <= VTOT GOTO 1210 

1160 PRINT“ *****" 

1170 PRINT“ WARNING: INITIAL BULK ICE VOLUME EXCEEDS TANK VOLUME BY ”; 

1171 PRINT USING “###.”; (VOLBLKICE*MI-VTOT)VTOT"100; 

1172 PRINT“ %” 

1180 PRINT “ TRY BETTER INSULATION OR LESS FISH.” 


eeeee” 


1210 IF VOLBLICE'MI <= S*VTOT GOTO 860 

1220 LPRINT“ ‘*****" 

1230 LPRINT “WARNING: INITIAL BULK ICE VOLUME EXCEEDS 90% OF TANK 
VOLUME” 

1240 LPRINT “ MAY HAVE DIFFICULTY LOADING INITIAL CATCH.” 

1250 LPRINT“ *****" 

1260 GOTO 860 

1300 LPRINT “ICE MELT FROM WATER ADDED 

1310 LPRINT USING “##.#"; MIWAT, 

1320 LPRINT “TONS” 

1330 LPRINT “TOTAL ICE REQUIRED 


1370 ‘Case 2 is for an ultimately flooded tank; no water is spilled 

1380 ‘as fish is added 

1384 VOLPRIME = (VOLBLKICE*(MILEAK+MIAIR+MIFISH)*LI)(LI+(RHOW/RHO!)*CW* 
cw" 


*RHOW" ITF) 

1385 MIWAT = ((RHOW*CW*RHOI*(TI IE RROERARHOT LIS RHOWFCWT -TF)))* 

(VOLPRIME-(MILEAK+MIAIR +MIFISH)"2000/RHO!) 

1386 IF VOLPRIME < VTOT GOTO 1394 

1387 PRINT “ 

1388 PRINT “WARNING: ICE/WATER MIXTURE EXCEEDS TANK VOLUME. NO ROOM 

1389 PRINT “ 

1390 PRINT “ 

1391 GOTO 560 

1394 N=0 

1395 VOLWAT = MIWAT*LI*2000(RHOW*CW"(TI-TF)) 

1400 IF (VOLPRIME + MF*2000/RHOF) < VTOT GOTO 1440 

1405 IF (VOLPRIME + MF*2000/RHOF) = VTOT GOTO 1470 

1410 IF N< 0 GOTO 1470 

1415 MF = .99°MF 

1420 MIFISH = MF*CF*(TTFYLI 

1425 VOLPRIME = (VOLBLKICE*(MILEAK+MIAIR+MIFISH)*LI)/(Li+(RHOW/RHO!)*CW* 
1CE/2000)"RHOW*CW"(TI-TF)) 


eeeee 


TRY BETTER INSULATION OR LESS FISH” 


eeeee 


1426 MIWAT = SS -TF)))* 
ILEAK+MIAIR +MIFISH)*2000/RHO! 

1430 N=1 

1435 GOTO 1400 

1440 IF N > 0 GOTO 1470 

1445 VOLWAT = 1.01*VOLWAT 

1450 MIWAT = VOLWAT*RHOW*CW"(TI-TF)/(LI*2000 

1455 VOLPRIME = (MIWAT + MILEAK + MIAIR + MIFISH) *2000/RHOI + VOLWAT 

1460 N= -1 

1465 GOTO 1400 

1470 Mi = MIFISH + MILEAK + MIAIR + MIWAT 

1472 IF N<1 GOTO 1500 

1475 LPRINT“ ‘*****” 

1480 LPRINT “TANK CAPACITY IS INADEQUATE TO HOLD ALL THE FISH REQUIRED.” 

1485 LPRINT “THE PROGRAM HAS DECREASED THE INPUT AMOUNT OF FISH TO 
BE LOADED” 

1490 LPRINT “ 

1495 GOTO 860 

1500 LPRINT “ 

1505 LPRINT “EXTRA 

1510 LPRINT “ 

1515 GOTO 860 

1630 LPRINT “ICE MELT FROM WATER ADDED 

1640 LPRINT USING “##.#"; MIWAT, 

1650 LPRINT “ TONS” 

1660 LPRINT “TOTAL ICE REQUIRED 

1670 LPRINT USING “##.#"; MI; 

1680 LPRINT “ TONS” 

1690 RETURN 

1700 ’Case 3 is for a partially flooded tank 

1710 VOLPRIME = (MILEAK+MIAIR+MIFISH)*LI)(LI+(RHOW/RHOI)*CW* 

E/2000)"RHOW"*CW"* ) 

1711 MIWAT = os nah agg ons seat eS gililaaalmal ie -TF)))* 
(VOLPRIME-MILEAK +MIAIR+MIFISH)*2000/R 

1720 IF VOLPRIME < VTOT GOTO 1780 

1730 PRINT “ eeeee 

1740 PRINT “WARNING: ICE/WATER MIXTURE EXCEEDS TANK VOLUME. NO ROOM 
FOR FISH.” 

1750 PRINT “TRY BETTER INSULATION OR LESS FISH” 

1760 PRINT“ *****" 

1770 GOTO 560 

1780 VOL = VOLPRIME +MF*2000/RHOF 

1790 IF VOL <= VTOT GOTO 1850 

1806 PRINT “ eenen 

1810 PRINT “WARNING: VOLUME OF FISH AND CSW EXCEEDS TANK VOLUME.” 

1820 PRINT “TRY PACKING LESS FISH” 

1830 PRINT“ *****" 

1840 GOTO 660 

1850 VOLWAT = MIWAT*LI*2000/(RHOW*CW*(TI-TF)) 

1851 N=0 

1852 IF MF*2000/VOL <= D GOTO 1930 

1855 VOLWAT = 1.01°VOLWAT 

1860 MIWAT = VOLWAT*RHOW*CW'(TI-TF)/(LI*2000) 

1865 VOLPRIME = (MIWAT + MIAIR + MILEAK +MIFISH)*2000/RHOI + VOLWAT 

1870 VOL = VOLPRIME + MF*2000/RHOF 

1875 N=1 

1880 GOTO 1852 

1930 Mi = MIWAT + MILEAK + MIAIR + MIFISH 

1931 IF N < 1 GOTO 1940 

1932 LPRINT“ *****" 

1933 LPRINT “PROGRAM HAS ADDED EXTRA WATER AND ICE TO REDUCE FISH 
PACKING DENSITY” 

1934 LPRINT “ TO AN ACCEPTABLE VALUE” 

1935 LPRINT “ eennen 

1940 GOTO 860 

1950 LPRINT “ICE MELT FROM WATER ADDED 

1960 LPRINT USING “##.#"; MIWAT, 

1970 LPRINT “ TONS” 

1980 LPRINT “TOTAL ICE REQUIRED 

1990 LPRINT USING “##.#";MI; 

2000 LPRINT “ TONS” 

2010 LPRINT “FISH LOADING DENSITY 

2020 LPRINT USING “##.#";MF*2000/VOL; 

2030 LPRINT “ POUNDS PER CUBIC FOOT” 

2040 LPRINT “PERCENTAGE OF VOLUME OCCUPIED” 

2050 LPRINT “BY ICE/WATER/FISH MIXTURE 

2060 LPRINT USING “##.#”; VOL"100/VTOT 

2070 RETURN 


wrens 


WATER HAS BEEN ADDED TO FILL THE TANK” 
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Parameters Affecting Viscosity as a Quality 
Control for Frozen Fish 


A. J. BORDERIAS, F. JIMENEZ-COLMENERO, and M. TEJADA 


Introduction 


Several authors have reported de- 
creases in the viscosity of proteins from 
frozen fish isolated in high ionic 
strength solutions, and this has been at- 
tributed to protein aggregation, with a 
subsequent reduction in the number of 
bonds between the proteins and the 
medium (Matsumoto, 1980). 

Work carried out at the authors’ Insti- 
tute (Jiménez-Colmenero and Borderias, 
1983; Tejada et al.') has shown a cor- 
relation between the viscosity value and 


‘Tejada, M., A. J. Borderias, and F. Jiménez- 
Colmenero. 1984. Contribucién de las proteinas 
miofibrilares y sarcoplésmicas a las modifica- 
ciones de ciertas propiedades funcionales del 
miisculo durante su conservacién al estado con- 
gelado. Paper presented at the International Sym- 
posium on Alterations in the Cheraical Constitu- 
ents of Foods in Industrial Processing. Valencia, 
Spain, 5-7 Nov. 





ABSTRACT—The measurement of apparent 
viscosity may be an appropriate method of 
quality control for myosystems undergoing 
frozen storage. Our experiment studied 
parameters affecting the measurement of ap- 
parent viscosity of homogenated muscle of 
Atlantic cod, Gadus morhua, in 5 percent 
NaCl solution as a quality control method 
for frozen fish. 

Parameters like the ratio of muscle to 
saline solution, pH, homogenation time and 
method, time elapsing between homogena- 
tion and viscosity measurement, and 
temperature were studied to establish and 
standardize the optimum conditions for 
measurement. On the basis of the results 
obtained, these conditions were: Ratio of 
muscle to 5 percent NaCl solution, 1:4; 
homogenation for 1 minute; a pH of between 
65 and 7; a time between homogenation and 
viscosity measurement of 30-60 minutes; and 
a blending/viscosity measurement tempera- 
ture of between 2° and 5°C. 
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both protein solubility and emulsifying 
capacity in frozen muscle. It has also 
been found, and this is especially true 
for white fish (i.e., blue whiting, cod, 
hake), that the values obtained using this 
technique in tests of frozen muscle dur- 
ing the storage period are highly sig- 
nificant, such that the sets of measure- 
ment readings provide a clear picture of 
the quality of the frozen product. Other 
authors (Groninger et al., 1983) have 
employed a similar method of measur- 
ing the functional properties of proteins. 

Therefore, this technique would seem 
to be appropriate for use as an index of 
the quality of frozen fish protein. More- 
over, the speed and ease of the method, 
and the fact that it can be performed 
using relatively unsophisticated equip- 
ment, make it ideal for use both in the 
laboratory and in industrial situations. 
Our study examined the influence of 
various parameters affecting apparent 
viscosity on this quality control method. 


Materials and Methods 


Atlantic cod, Gadus morhua, caught 
5-7 days earlier and preserved chilled, 
was purchased at a local market. The 
muscle was minced using a mincer with 
plate orfices 5 mm in diameter. The 
mince was divided into 300 g lots which 
were packaged on trays wrapped in 
aluminium foil. The samples were 
frozen in a tunnel freezer at —30°C with 
an air flow of 5 m/second and then 
vacuum-packed and stored at —24°C for 
the 5 days during which tests were 
made. 

The apparent viscosity (Mapp) was 
measured using a Brookfield? model 


2Mention of trade names or commercial firms does 
not imply endorsement by the National Marine 
Fisheries Service, NOAA. 


RVT rotary viscometer with flat 
spindles numbers 2, 3, and 4 at a speed 
of 20 rpm. Measurements were taken 
after 3 minutes of spindle operation, and 
at least four replicates were performed. 

The basic steps of this procedure are 
diagrammed in Figure 1, and the stan- 
dard conditions applied in the procedure 
are set out below: 


1) Ratio g of muscle:ml 5 percent 
NaCl solution: 1:4. 

2) pH: 6.5-7.0. 

3) blender, speed setting, and time: 
Omni-mixer, setting 7, 1 minute. 

4) homogenate temperature: 3-5°C. 

5) standing time: 30 minutes. 


In addition to the standard conditions, 
the following variations were also tested: 


1) Ratio g of muscle:ml 5 percent 
NaCl solution: 1:4, 1:6, 1:8, and 1:10, 
corresponding to 20.0, 14.3, 11.1, and 9.1 
g of fish/100 ml of homogenate. 

2) pH: 4.85, 5.53, 6.57, 6.61, 6.70, 
6.93, 7.60, 8.33, and 9.10. 

3) Blender and blending time: Omni- 
mixer (1, 2, and 3 minutes) and Ultra- 
turrax (1 minute at middle speed 
setting). 

4) Blending/viscosity measurement 
temperature (°C): 2.2, 3.6, 4.8, 10.0, 
14.5, 14.9, 15.3, 17.5, 21.3, and 25.0. 

5) Standing time (minutes): 0, 30, 70, 
100, 165, 240, and 300. 

6) Homogenate centrifuging condi- 
tions: 3 minutes at 3,000 rpm at 3°C. 


Regression curves were calculated by 
computer; the significance levels of the 


The authors are with the Instituto del Frio, Ciudad 
Universitaria, 28040 Madrid, Spain. 
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Figure 1.—Method of measuring the 
apparent viscosity. 


curves were calculated using an F test 
and the goodness of fit with the index 
of determination (r?). 


Results and Discussion 


Ratio Samples: 5 Percent 
NaCl Solution 


Figure 2 shows that there is a linear 
relationship (r2 = 0.95; P < 0.01) 
between homogenated sample concen- 
tration and apparent viscosity, as was 
found for other species (Borderias et al., 
1985). In accordance with this relation- 
ship, at less than 8 g of muscle/100 ml 
of homogenate, apparent viscosity did 
not register on the measurement scale 
under the experimental conditions em- 
ployed. At levels above 20 g/100 ml, the 
homogenate was too viscous, making 
measurement difficult. The ratio of one 
part sample to four parts 5 percent NaCl 
solution was the most appropriate for 
measuring viscosity for quality control 
purposes, since a high initial apparent 
viscosity is needed, because it tends to 
decrease with storage time, and may 
even drop to zero in whitefish such as 
cod after 3 months at —12°C (Tejada et 
at.!). 


Effect of pH 


The relationship between the pH and 
apparent viscosity was given by a third- 


ve 


Figure 2.—Changes in apparent vis- 
cosity with sample concentration. 


degree polynomial (r? = 0.94; P < 
0.01) plotted in Figure 3. Figure 3 shows 
that the highest viscosity values corre- 
sponded to a pH of between 6.5 and 7; 
minimum values were recorded at pH 
4.8 and 9.1. On the basis of these data 
the behavior of cod muscle would ap- 
pear to differ from that of red meat, 
since Hamm (1975) recorded minimum 
viscosity values at about pH 5.3 (iso- 
electric point), with values increasing as 
one moved away from that point. This 
seems reasonable since the isoelectric 
point of proteins drops in the presence 
of NaCl (Schut, 1976). The decrease in 
viscosity at alkaline pH levels might be 
due to aggregation, which, in the con- 
ditions employed, was not reversible 
when the medium was neutralized on 
reaching pH 9. 

Consequently, because of the fluctua- 
tions in viscosity with pH, it is im- 
perative to adjust the mixture’s pH level 
before any measurement readings are 
taken. It is further advisable to adjust 
the pH prior to blending, since dif- 
ferences in viscosity were observed 
when the pH was adjusted before and 
after homogenation. The recommended 
PH is between 6.5 and 7, corresponding 
to the point at which the highest viscos- 
ity values were recorded. 


Effect of Blender, 
Speed Setting, and 
Blending Time 

The greater destruction of tissues dur- 
ing homogenation led to a decrease in 
apparent viscosity (Fig. 4). Maximum 
viscosity in the shortest time was ob- 


Figure 3.—Apparent viscosity vs. pH. 
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Figure 4.—Apparent viscosity vs. 
blender, speed setting, and blending 
time. 


tained by blending in an Omni-mixer for 
1 minute. 


Standing Time 


It is advisable to allow some stand- 
ing time between homogenation and the 
viscosity measurement to permit the 
release of air bubbles formed during 
blending, since these may result in 
measurement variations, and also to per- 
mit the formation of bonds between the 
proteins and the solvent. 

To study this effect, various standing 
times were employed between homog- 
enation and viscosity measurement. 
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Figure 5.—Apparent viscosity vs. the 
time elapsing from blending to mea- 
surement. 


Figure 5 shows that the relationship be- 
tween the viscosity of the homogenate 
and the time elapsing between blending 
and measurement was given by a third- 
degree polynomial (r* = 0.95; P < 
0.05). Figure 5 also indicates that the 
measurement readings stabilized after a 
standing time of 60 minutes or more at 
3-5°C. 


Effect of Centrifuging 


Centrifuging the homogenates pre- 
pared as described in the section on 
materials and methods was also used to 
eliminate the air bubbles, employing the 
method described by Hermansson 
(1975). However, centrifuging makes the 
quality control method more compli- 


47(4), 1985 


cated, and the authors found no advan- 
tage in its use. 


Blending/Measurement 
Temperature 


Figure 6 shows that the relationship 
between apparent viscosity and temper- 
ature was given by a second-degree 
polynomial (r?2 = 0.84; P < 0.01). The 
curve indicates that fluctuations in 
viscosity are lowest and viscosity values 
are highest at between 0° and 7°C, 
hence it is advisable to make readings 
at a temperature of from 2° to 5°C. At 
higher temperatures, alterations in the 
properties of the proteins are more 
likely. 


Summary 


From the foregoing it would appear 
that the optimum condition for apply- 
ing this technique of apparent viscosity 
measurement as a quality control 
method are as follows: 


1) Grams of muscle:ml 5 percent 
NaCl solution: 1:4. 

2) Blending time: 1 minute. 

3) Blender: Omni-mixer. 

4) Blending/measuring temperatures: 
2-5°C. 

5) pH: 6.5-7.0. 

6) Standing time in refrigerator be- 
tween blending and measurement read- 
ing: 60 minutes. 
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Figure 6.—Apparent viscosity vs. tem- 
perature. 
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World’s Oldest Fisheries Research 
Laboratory Celebrates Centennial of Service 


The world’s oldest fisheries research 
laboratory, NOAA’s Woods Hole Lab- 
oratory in Massachusetts, celebrated its 
centennial 13-16 August 1985. Five 
public lectures, two technical forums, a 
historical exhibit, and a rededication 
ceremony highlighted the celebration. 

Lectures 


The lectures, free to the public, dealt 
with the history and future of marine 
ecology, fisheries research and manage- 
ment, and the Woods Hole scientific in- 
stitutions. John Steele, Director of the 
nearby Woods Hole Oceanographic In- 
stitution, opened the lecture series on 
13 August at Lilly Auditorium with his 
presentation on “Advances in Marine 
Ecology and Relevance to Fisheries.” 
Later that evening, Robert L. Edwards 
spoke on “History and Contributions of 
the Woods Hole Fisheries Laboratory.” 
Edwards was formerly Director of the 
Northeast Fisheries Center, the coor- 
dinating organization for the Woods 
Hole Laboratory and six other National 
Marine Fisheries Service laboratories in 
the New England and Mid-Atlantic 
states. He is currently Technical Assist- 
ant to the NOAA Assistant Adminis- 
trator for Fisheries. 

At 10:00 a.m. on 14 August at Red- 
field Auditorium, Paul R. Gross, Presi- 
dent and Director of the Marine Biologi- 
cal Laboratory (MBL) in Woods Hole, 
spoke on “The MBL and the Fisheries: 
A Century of Cooperation in Woods 
Hole,” and at 2:00 p.m. at the Lilly 
Auditorium, William F. Royce lectured 
on “100 Years of Development in Fish- 
eries S:..°:.ce and Management.” Royce 
was formerly the Director of the Woods 
Hole Laboratory, and is currently an in- 
ternational fisheries consultant in 
Seattle, Wash. Peter A. Larkin, Profes- 
sor at the University of British Colum- 
bia, closed the lecture series at 7:30 
p.m. at Redfield Auditorium with a look 
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at “Fisheries Research Strategy for the 
Future.” 


Technical Sessions 


Two forums on 15 August discussed 
the future of North American fisheries 
research and management. The morn- 
ing forum dealt with ‘Fisheries 
Research Strategy for the Future.” Par- 
ticipants scheduled were Carl R. Sulli- 
van, Moderator (Executive Director, 
American Fisheries Society); Peter A. 
Larkin; John L. McHugh (Professor, 
State University of New York); Gilbert 
C. Radonski (President, Sport Fishing 
Institute); and William F. Royce. The 
afternoon forum dealt with “Fisheries 
Management in the 1980’s and Beyond.” 
Participants were to be Richard H. 


Schaefer, Moderator (Northeast Region- 
al Director, National Marine Fisheries 
Service); William G. Gordon (NOAA 
Assistant Administrator for Fisheries); 
Alan D. Guimond (Chairman, New 
England Fishery Management Council); 
Robert L. Martin (Chairman, Mid- 
Atlantic Fishery Management Council); 
Allen E. Peterson, Jr. (Director, NMFS 
Northeast Fisheries Center); Jeff Pike 
(Assistant to U.S. Representative Gerry 
E. Studds); Gilbert C. Radonski; and 
Lucy Sloan (Executive Director, Na- 
tional Federation of Fishermen). 


Historical Exhibit 
Beginning on 13 August, the fisheries 


lab’s public display aquarium featured 
a special exhibit on the lab’s history, as 


The Woods Hole Laboratory, 1885. 
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well as new exhibits on current re- 
search. The historical exhibit included 
a chronological display of old photos, 
newspaper clippings, field notebooks, 
sampling gear, etc., from the fisheries 
lab’s past. The lab’s aquarium, also 
open, featured fish tanks, “hands-on” 
tanks, a seal pool, and educational dis- 
plays; scientists were avilable to answer 
questions. The special exhibit closed 
with the aquarium’s traditional 15 Sep- 
tember switch from summer hours to 
winter hours. 


Rededication 


The rededication of the Woods Hole 
Laboratory took place on 16 August, 
with national, state, and local officials 
participating, including Anthony J. 
Calio, Acting NOAA Administrator, and 
William G. Gordon. Research in the 
Woods Hole Laboratory focuses on 
populations of commercially and recrea- 
tionally important fishes in the U.S. 
Fishery Conservation Zone (3-200 
miles offshore) from the Canadian bor- 
der to Cape Hatteras, N.C., as well as 
on the habitats which produce those 


populations. Information from this re- 
search is used by the New England and 
Mid-Atlantic Fishery Management 
Councils to manage their regions’ fish- 
eries which are worth $1 billion annual- 
ly to the nation’s economy. 


NMFS Outstanding 
Publications Cited 


Winners of the National Marine Fish- 
eries Service’s Outstanding Publications 
Award for papers published in the 
Marine Fisheries Review (Vol. 45) and 
the Fishery Bulletin (Vol. 81) have 
been announced by NMFS Publications 
Advisory Committee Chairman Ben 
Drucker. 

“To Increase Oyster Production in the 
Northeastern United States,’ by Clyde 
L. MacKenzie, Jr., of the Northeast 
Fisheries Center’s Sandy Hook Labora- 
tory, Sandy Hook, N.J., was selected by 
the Awards Committee as the best paper 
in the Marine Fisheries Review, 45(3): 
1-22. And, “Seasonal Variation in Sur- 
vival of Larval Northern Anchovy, En- 


The Woods Hole Laboratory, 1985. 
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graulis mordax, Estimated From the 
Age Distribution of Juveniles” by R. D. 
Methot, Jr., of the NMFS Southwest 
Fisheries Center, La Jolla, Calif., was 
selected as the best paper in the Fishery 
Bulletin, 81(4):741-750. 

In all, nine papers were nominated 
from the Bulletin and four from the Re- 
view. The other three Marine Fisheries 
Review papers nominated for excellence 
were “Fatty Acics and Lipid Classes 
of Three Underutilized Species and 
Changes Due to Canning” by M. B. 
Hale and T. Brown, 45(4-6):45-48; “In- 
cidental Catch of Marine Mammals by 
Foreign Fishing Vessels” by T. R. 
Loughlin, L. Consiglieri, R. L. 
DeLong, and A. T. Actor, 45(7-8-9): 
44-49; and “Some Effects of Mt. St. 
Helens Volcanic Ash on Juvenile Sal- 
mon Smolts” by T. W. Newcomb and 
T. A. Flagg, 45(2):8-12. 

The eight other Fishery Bulletin pa- 
pers nominated for excellence were 
“Copepods and Scombrid Fishes: A 
Study in Host-Parasite Relationships” by 
R. F. Cressey, B. B. Collette, and J. L. 
Russo, 81(2):227-265; ““Yield per Re- 
cruit Models of Some Reef Fishes of the 
U.S. South Atlantic Bight” by G. R. 
Huntsman, C. S. Manooch II', and C. 
B. Grimes, 81(4):679-695; “Interrela- 
tionships Between Juvenile Salmonids 
and Nonsalmonid Fish in the Columbia 
River Estuary” by G. T. McCabe, Jr., 
W. D. Muir, R. L. Emmett, and J. T. 
Durkin, 81(4):815-826; “Analyzing the 
Width of Daily Otolith Increments to 
Age the Hawaiian Snapper, Pristipom- 
oides filamentosus” by S. Ralton and G. 
T. Miyamoto, 81(3):523-535; “‘Popula- 
tion Assessment of the Gray Whale, 
Eschrichtius robustus, From California 
Shore Censuses” by S. B. Reilly, D. W. 
Rice, and A. A. Wolman, 81(2):267- 
282; “Changes in Size of Three Dolphin 
(Stenella spp.) Populations in the East- 
ern Tropical Pacific” by T. D. Smith, 
81(1):1-13; ‘‘Movement of Sablefish, 
Anoplopoma fimbria, in the Northeast- 
ern Pacific Ocean as Determined by 
Tagging Experiments (1971-80)” by V. 
G. Wespestad, K. Thorsen, and S. A. 
Mizroch, 81(2):415-420; and “The Mud 
Crab, Panopeus herbstii, s.l1. Partition 
Into Six Species (Decapoda: Xanthi- 
dae)” by A. B. Williams, 81(4):863-882. 
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Developed in 1975, the annual out- 
standing publication awards program 
recognizes NMFS employees who have 
made exceptional contributions to the 
knowledge and understanding of the 
resources, processes, and organisms 
studied as a part of the NMFS mission. 
Authors must have been employed by 
the NMFS at the time the paper was 
published. Marine Fisheries Review 
papers must be effective and interpreta- 
tive contributions to the understanding 
and knowledge of NMFS mission- 
related studies, while Fishery Bulletin 
papers must document outstanding 
scientific work. 

At the close of each volume, nomi- 
nations are solicited from the NMFS 
Center, Regional, and Office Directors 
for the awards by the Awards Commit- 
tee Chairman—the editor of the Fishery 
Bulletin, currently William J. Richards. 
Other Committee members include the 
editor of the Marine Fisheries Review, 
W. L. Hobart, and the former Fishery 
Bulletin editors Reuben Lasker, Bruce 
Collette, and Carl Sindermann. 


NODC Taxonomic Code 
Doubles in Size 


NOAA’s National Oceanographic 
Data Center (NODC) has announced 
the availability of the fourth edition of 
the “NODC Taxonomic Code.” This 
edition contains nearly 46,000 entries 
giving the scientific names and corre- 
sponding numerical codes of worldwide 
flora and fauna from viruses to mam- 
mals, nearly twice the number included 
in the third edition. 

The “NODC Taxonomic Code”’ is a 
hierarchical system of numerical codes 
of up to 12 digiis used to represent the 
scientific names of organisms to the 
level of subspecies or variety. The bow- 
head whale, Balaena mysticetus, for ex- 
ample, is coded by the 10-digit number 
9219030102. The code links the Linnean 
system of biological nomenclature to a 
numerical schema that facilitates 
modern methods of data storage and re- 
trieval. The code was specifically devel- 
oped by NODC to simplify and system- 
atize NODC processing, storage, and 
retrieval of marine biological data. 
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NODC requires the use of the code in 
all marine biological data that it accepts 
for processing. 

To help overcome recognized short- 
comings of the code rooted in the rigid- 
ity of the numerical schema, this edi- 
tion introduces new features to make the 
code more flexible and useful. For ex- 
ample, a series of terms and symbols is 
now used to annotate code entries with 
information about changes or correc- 
tions and to provide cross-references 
between certain related entries. 

The published version of the code 
(Key to Oceanographic Records Docu- 
mentation No. 15) is available either as 
a paper copy or on microfiche. The 
“NODC Taxonomic Code” is also avail- 
able on magnetic tape. 


Code Structure 


The NODC codes contain a maxi- 
mum of 12 digits. Each two digits repre- 
sent one or more levels of the taxonomic 
hierarchy as follows (numbers in this ex- 
ample are fictitious: 


93 (2 digits) | Subkingdom, Phy- 
lum, Subphylum, 
Class, Superorder, 
Order 

(4 digits) Superciass, Class, 
Subclass, Super- 
order, Order, Sub- 
order, Infraorder, 
Section, Super- 
family 

Class, Order, Sub- 
order, Family, Sub- 
family’ 

Genus 


Species 
Subspecies, Variety 


930101 (6 digits) 


93010101 (8 digits) 
9301010101 (10 digits) 
930101010101 (12 digits) 


Actual presentations vary in complex- 
ity from group to group and may ex- 
clude certain levels of taxonomy. The 
following is an example of a relatively 
simple code sequence (note that in this 
particular example there are no orders): 


90 Reptilia 
9001 Reptilia 
Anapsida 
Dermochelidae 
Dermochelys 
Dermochelys 
coriacea 
900205010101 Dermochelys 
coriacea 
coriacea 


900205 


90020501 
9002050101 


'A few subfamilies were used in the basic code 
framework; otherwise subfamilies are not recog- 
nized and additional subfamilies cannot be added 
to the code. 


The following is a more complex ex- 
ample involving a larger number of 
recognized taxonomic levels (the final 
subspecies is fictitious): 


Suborder 
Superfamily 
Astrorhizidae Family 
Ammodiscacea 
Astrorhizidae 
Hippocrepininae 


Genus 
Hippocrepina 
indivisa Species 
345005010101 Hippocrepina 
indivisa indivisa Subspecies 


Subfamily 


In the third edition common names 
and synonyms were printed in separate 
alphabetical listings and did not appear 
in the numerical listing. In the fourth 
edition all names (common and Lin- 
nean) and all previous numbers related 
to a given taxon are printed together in 
the numerical code listing. 


Availability 


The ‘‘NODC Taxonomic Code’’ is 
available on magnetic tape, on micro- 
fiche, and as a printed paper version. 
All three formats include the complete 
code in two separate sequences: 1) 
Numerical (code) order and 2) alpha- 
betical (scientific name) order. On mag- 
netic tape the two sort orders appear as 
separate files on one tape. For ease of 
use the microfiche and printed versions 
of the code appear in two volumes. 
Volume 1 contains the Numerical (Code 
Order) Listing and Volume 2 contains 
the Alphabetical (Scientific Name 
Order) Listing. 

The prices at initial printing (subject 
to change without notice) of the three 
formats are as follows: 1) Magnetic tape 
(9-track, 1600 bpi, ASCII character 
code) = $90.00; 2) microfiche (5 fiche, 
48 x reduction) = $7.00; and 3) paper 
copy (738 pages in two volumes; 84 
X 11-inch pages) = $50.00. 

Orders should be directed to: Nation- 
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al Oceanographic Data Center, User 
Services Branch, NOAA/NESDIS 
E/OC21, Washington, DC 20235. Tele- 
phone: 202-634-7500 (commercial) or 
FTS 634-7500. Payment may be made 
by check, money order, or credit card 
(Visa or MasterCard only). Checks and 
money orders should be made payable 
to “Department of Commerce/NOAA/ 
NODC”; payments must be made in 
U.S. dollars and drawn on a bank 
located in the United States. 


Calio Sworn in as New 
NOAA Administrator 


Anthony J. Calio was sworn in as Ad- 
ministrator of the Commerce Depart- 
ment’s National Oceanic and Atmos- 
pheric Administration (NOAA) on 7 
October 1985, following his nomination 
by President Ronald Reagan and confir- 
mation by the U.S. Senate. He had been 
NOAA's Deputy Administrator since 
December 1981. As Administrator, 
Calio establishes Federal policies and 
directs agency programs to improve the 
understanding, management, conserva- 
tion, and development of America’s 
marine and atmospheric resources. 

Under Calio’s direction, NOAA is 
responsible for investigating and under- 
standing the chemical and physical state 
of our oceans and atmosphere; predict- 
ing weather and issuing severe storm 
warnings and forecasts to protect life and 
property; promoting the wise develop- 
ment and conservation of our living 
marine, coastal, and deep seabed min- 
eral resources; and preserving endan- 
gered marine species, marine animals, 
and unique estuarine areas for the 
future. In addition, Calio advises and 
represents the Secretary of Commerce 
on issues involving the environment, 
fisheries, space, and high technology, 
and serves on the National Security 
Council Interagency Group on Space. 

Before joining NOAA, Calio spent 18 
years with the National Aeronautics and 
Space Administration (NASA) where, 
as Associate Administrator for Space 
and Terrestrial Applications, he man- 
aged the U.S. civil remote sensing and 
space communications programs. He 
also had management responsibility for 
the Viking and Voyager missions, and 
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during 8 years at the Johnson Space Cen- 
ter he directed all scientific aspects of the 
Apollo Lunar and Skylab programs. 

Prior to joining NASA in 1963, Calio 
was employed 10 years in private indus- 
try with the Mount Vernon Research 
Company, the American Machine and 
Foundry Company, and the Westing- 
house Atomic Power Division where he 
was involved in pioneering work on the 
peaceful use of nuclear energy. 

Calio is a fellow of the American In- 
stitute of Aeronautics and Astronautics 
and the American Astronautical Society, 
as well as a member of the American 
Geophysical Union. He has received 
numerous honors, including a Sloan 
Fellowship from the Stanford Graduate 
School of Business and NASA's Distin- 
guished Service Medal (twice), the Ex- 
ceptional Scientific Achievement 
Medal, the Exceptional Service Medal, 
and the Presidential Rank of Distin- 
guished Executive. 

Born in Philadelphia, Pa., in October 
1929, Calio was graduated from the 
University of Pennsylvania with a B.A. 
degree in physics in 1953. He attended 
graduate school at the University of 
Pennsylvania and Carnegie Institute of 
Technology, and received a D.Sc (Hon.) 
degree from Washington University of 
St. Louis in 1974. He and his wife 
Cheryll Madison Calio reside in Poto- 
mac, Md. 


Larval Fish Distribution 


Eyed Near OTEC Unit 

The NOAA ship Townsend Cromwell 
completed in September the first of four 
planned 10-day cruises in waters around 
Oahu, Hawaii, to determine the vertical 
distribution of larval fishes, reports 
Richard S. Shomura, Director of the 
NMFS Southwest Fisheries Center’s 
Honolulu Laboratory. According to 
Shomura, the main objective of the 
cruise was to determine the possible im- 
pact of Ocean Thermal Energy Conver- 
sion (OTEC) facilities on marine fishes. 

The first large-scale OTEC facility, 
planned for Kahe Point, would withdraw 
very large volumes of warm surface 
water and deep, cold water, and use the 
thermal difference in the warm and cold 
water to generate electricity. Small, 


planktonic larvae of fishes would be 
drawn in with the water and could 
potentially suffer high mortalities as 
they pass through the plant. Understand- 
ing the depth distribution of larvae in 
waters near Kaha Point would allow a 
better assessment of the possible effects 
of the proposed facility on fisheries and 
fish populations around Oahu. 

George W. Boehlert, Chief Scientist on 
the cruise, supervised the use of a new 
kind of collection gear to determine the 
depth distribution of larval fishes. The 
gear, called the MOCNESS, for multi- 
ple opening-closing net and environ- 
mental sensing system, actually has nine 
nets controlled by computer from 
aboard ship. Scientists on deck can 
monitor the exact depth of the gear, its 
speed through the water, and the salin- 
ity and temperature of the water where 
the fish larvae are sampled. This greater 
sampling resolution will allow scientists 
to determine the environmental factors 
used by the larvae to determine their 
position in the water column. 

Large midwater trawls were also 
fished off the Cromwell to determine the 
abundance of juvenile fishes in the re- 
gion. The largest catch in these hauls 
was consistently a filefish, Pervagor 
spilosoma, the same fish which had 
been washing up on Oahu beaches in the 
previous 9 months. Over 500 fish were 
caught in a single haul of the trawl. The 
filefish occurred up to 8 miles offshore, 
as far from shore as the ship sampled 
with the large net. Visiting scientists 
participating on the cruise were Yoshi- 
rou Watanabe from the Tohoku Regional 
Fisheries Research Laboratory of Shio- 
gama, Japan, and H. Geoffrey Moser 
from the Southwest Fisheries Center La 
Jolla Laboratory. 

In an earlier cruise, the Zownsend 
Cromwell returned to her home port in 
Honolulu on 25 July after a 42-day trip 
to collect biological and oceanographic 
data from waters over and surrounding 
the central North Pacific seamounts. A 
secondary mission, Shomura reports, 
was to help establish scientific field 
camps for the study of the endangered 
Hawaiian mork seal at Laysan Island, 
Lisianski Island, and Pearl and Hermes 
Reef in the Northwestern Hawaiian 
Islands. 





Chief scientist Michael P. Seki re- 
ported that the vessel conducted opera- 
tions at NW and SE Hancock Sea- 
mounts and at an unnamed seamount in 
the extreme northern region of the 
Hawaiian Ridge beyond Kure Atoll. 
Fishery resources on th: seamounts 
were first discovered in 1967 when large 
concentrations of pelagic armorhead 
and smaller amounts of alfonsin were 
found by a Soviet trawler. This led to 
almost immediate commercial exploita- 
tion by Soviet trawlers; Japanese trawl- 
ers entered the fishery in 1969. In 1973 
the Japanese also began fishing with 
vertical handlines and bottom longlines 
on the slopes of the seamounts since 
these areas were inaccessible to 
trawlers. 

Despite declining catches in the 9 
years, foreign fishing vessels continued 
to operate at the seamounts through 
1984. In 1985, the NMFS closed the 
seamounts located inside the U.S. 
200-mile Fishery Conservation Zone (in 
particular the Hancock Seamounts) to 
foreign groundfish fishing. This cruise 
represented the first visit to the sea- 
mounts since its closure. 

Fishing operations conducted on the 
Cromwell mainly involved trawls, bot- 
tom longlines, and vertical longlines. 
Armorhead catches with the bottom 
longline appeared to be highest during 
daylight hours on the upper slope areas. 
This is in contrast to the bottom trawl 
fishery which is conducted primarily at 
night above the summit. 

Scientists on the Cromwell also col- 
lected free-drifting and actively swim- 
ming small organisms over and away 
from the summit at SE Hancock using 
several different nets. Along with ocean- 
ographic data taken, the samples will be 
used to evaluate the high productivity in- 
duced by the presence of the seamount. 


Pacific Sardine Begins 
Comeback off California 


The Pacific sardine, Sardinops sagax, 
whose dramatic decline in the late 
1940’s sparked a multi-million dollar 
scientific investigation, is making a 
comeback, according to marine biolo- 
gists Patricia Wolf of the California 
Department of Fish and Game (CDFG) 
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and Paul E. Smith of the National 
Marine Fisheries Service’s (NMFS) 
Southwest Fisheries Center, in La Jolla, 
Calif. 

Averaging about 9 inches in length 
and 4 ounces in weight, colored bluish 
above and silvery below, and with vari- 
able numbers of black spots arranged in 
uneven rows along the sides, sardines 
were the glamour fish of the second and 
third decades of this century. Then it 
supported the most valuable fishery in 
the United States in terms of tons landed 
at an annual yield of about 600,000 tons. 

A severe decline in sardine landings, 
first noted in the Pacific Northwest, 
began during the 1945-46 season and 
moved progressively southward. A low 
was reached when California’s 1953-54 
sardine season yielded only 4,500 tons. 
Sardines, a standard food item packed 
in the familiar oval cans in mustard or 
tomato sauce, disappeared from Amer- 
ican food market shelves. 

To begin to understand the causes of 
the sardine decline, fishery biologists 
and oceanographers from the CDFG, 
NMBS, and the Scripps Institution of 
Oceanography organized under the um- 
brella of the California Cooperative 
Oceanic Fisheries Investigations 
(CalCOFI) to begin the most intensive 
study of any marine fish in U.S. coastal 
waters. Although not all fishery biolo- 
gists have agreed on the reasons for the 
precipitous decline in the sardine 
landings, most believe that the pro- 
longed heavy fishing which occurred 
from 1928-29 through 1945-46, com- 
bined with unfavorable environmental 
changes, resulted in the spectacular 
failure of the sardine fishery in Cali- 
fornia. 

Acting on the advice of fishery biolo- 
gists who advocated a complete ban on 
sardine fishing to permit the sardine re- 
source to recover from extremely low 
levels, California legislators voted to 
prohibit sardine fishing in 1974. A 
feature of this law also provided for a 
1,000-ton annual fishery when the 
CDFG determined that the population 
of adult sardines had reached 20,000 
tons. 

Signs of an encouraging increase ap- 
peared as early as 1981 as sardines oc- 
curred in ever greater numbers in the 


incidental catch of mackerel and live 
bait fisheries, aerial spotter observa- 
tions, annual CDFG sea surveys, and, 
increasingly, as larvae in plankton col- 
lections made during NMFS biological 
surveys. 

Because the population level of the 
Pacific sardine is too low to be estimated 
reliably by existing techniques, Wolf and 
Smith designed a new survey system to 
estimate whether the adult sardine 
population is above or below 20,000 
tons, the number which would signal the 
beginning of a commercial fishery. 
Their approach was based on the egg 
production method developed earlier by 
NMFS scientists at the Southwest Fish- 
eries Center. As a first step, Wolf and 
Smith calculated the minimum geogra- 
phic area which they estimated encom- 
passed a spawning population of 20,000 
tons of adult sardines. The location and 
extent of the survey area, and the time 
of year of the survey, were determined 
from the historical record of occur- 
rences of sardine eggs and larvae found 
in the plankton samples during those 
times in past years when the sardine 
biomass levels were estimated to be near 
20,000 tons. 

In May 1985 Wolf and Smith em- 
ployed their new method off southern 
California over the total survey area. 
They found 11 biological stations posi- 
tive for sardine eggs in a total spawning 
area of 710 n.mi.”, indicating a very 
high probability that there was at least 
a 20,000-ton spawning biomass of sar- 
dines off California. Survey results were 
presented to the CDFG which planned 
to open a 1,000-ton limited sardine 
fishery on 1 January 1986. According 
to California law, the sardines caught 
may be used either as human or animal 
food or for reduction to fish meal. 

So now this small fish, once hunted 
at night during the dark of the moon 
along the Pacific Coast from southern 
Baja California and into the Gulf of 
California, appears to be making a 
modest comeback. With a bit of luck, 
fishery biologists believe that the dis- 
tinctive luminescent fireballs produced 
as the dense sardine schools move 
through the surface layers of the sea will 
once again be a nighttime sight off the 
California coast. 
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U.S. Commercial Fishermen Land 
6.4 Billion Pounds in 1984 


U.S. fishermen landed 6.4 billion 
pounds of fish and shellfish in 1984, 
down slightly (941,000 pounds) from 
1983 but close to the 1980 record of 6.5 
billion pounds, according to the Com- 
merce Department’s National Oceanic 
and Atmospheric Administration 
(NOAA). The price paid for those fish 
at the dock, $2.4 billion, was $5 million 
less than in 1983. 

NOAA's National Marine Fisheries 
Service (NMFS) said increased landings 
of clams, salmon, and shrimp helped 
offset declines in other major species, 
such as menhaden, tuna, flounder, and 
rockfish. Fishermen received an average 


of 37 cents a pound for their fish and 
shellfish, unchanged from 1983. « 
Several records were set in 1984. 
They included landings of 24 million 
pounds of Alaska pollock (previous high 
was 5.6 million pounds in 1979), 132.9 
million pounds of clams (previous high 
was 121.8 million pounds in 1974), and 
59.5 million pounds of scallops (pre- 
vious high was 45.6 million pounds in 
1981). Anchovies decreased for the sec- 
ond consecutive year, with landings of 
17.8 million pounds (down 4.5 million 
pounds from last year). Squid landings 
of 33.2 million pounds were down 4.7 
million pounds from last year. 





U.S. Ups Perceniage of 
FCZ Fish Catch in 1984 


Foreign nations caught more fish 
within the U.S. 200-mile fishery conser- 
vation zone in 1984 than in 1983 but less 
than the average for the preceding 5 
years, according to the Commerce De- 
partment’s National Oceanic and At- 
mospheric Administration (NOAA). 
NOAA's National Marine Fisheries Ser- 
vice said foreign countries harvested 3 
billion pounds of fish and shellfish in 
1984, compared with 2.9 billion pounds 
in 1983, a 4 percent increase. However, 
the harvest was Il percent below the 
average for the preceding 5 years—3.4 
billion pounds. 

Meanwhile, the U.S. share of fish 
taken from the U.S. fishery conserva- 
tion zone (FCZ) increased. It hit 50 per- 
cent of all fish taken in 1984, up from 
47 percent in 1983, and the highest since 
the 200-mile FCZ was established in 
1977. In the late 1970’s U.S. fishermen 
were harvesting only about one-third of 
all the fish taken from the zone. 
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Altogether, U.S. fishermen landed 6.4 
billion pounds of edible and industrial 
fish and shellfish in 1984, and about 2.9 
billion pounds were caught in the FCZ. 
Joint venture harvests by American fish- 
ermen, who sell their catches at sea to 
foreign processing vessels, continued 
upward in 1984. Almost 1.5 billion 
pounds of fish, valued at $79 million, 
were unloaded on to foreign vessels in 
1984. This represents a substantial in- 
crease over 1983 when American joint 
ventures sold 959 million pounds of fish 
worth $51.2 million. Japan continued to 
be the leading harvester in the U.S. con- 
servation zone, catching 2.1 billion 
pounds, or 69 percent of the foreign 
total. South Korea, with 605 million 
pounds, 20 percent of the catch, was 
second. Other foreign fishing fleets in- 
cluded those from Canada, Spain, and 
Italy. About 97 percent of the total for- 
eign fish harvested was taken from the 
Gulf of Alaska and the Eastern Bering 
Sea. Less than 100 million pounds were 
taken by foreign fishing vessels from the 
Northwest Atlantic. 


U.S. Sets Fish 


Consumption Mark 

Americans ate a record 13.6 pounds 
of seafood each in 1984, bettering the 
old high of 13.4 pounds in 1978, accord- 
ing to figures released by the National 
Oceanic and Atmospheric Administra- 
tion (NOAA). Marketing experts with 
NOAA's National Marine Fisheries Ser- 
vice said record purchases of fresh and 
frozen. seafood and near-record pur- 
chases of canned fish accounted for the 
figures. 

“There’s no doubt that we’re eating 
more fish, and better quality fish, with 
almost every passing year,” said NMFS 
Director William G. Gordon. “As Am- 
ericans become more conscious of their 
health and the need for good nutrition, 
and as more markets open up for sea- 
food, I expect to see these figures con- 
tinue to look good for the fishing in- 
dustry,’ Gordon added. 

Other records in 1984 for the supply 
of U.S. seafood (domestic production 
plus imports) included lobster (100.1 
million pounds; previous high of 92.6 
million pounds in 1983), scallop meats 
(86.8 million pounds; previous high 71.8 
million pounds in 1981), and clam meats 
(144 million pounds; previous high 130.1 
million pounds in 198i). 


Gulf Butterfish May 
Offer New Opportunities 


Gulf butterfish, Peprylus burti, may 
be an untapped fishery resource for 
some trawlers according to a recent 
U.S.-Japanese survey. These small fish, 
four or five to the pound, could provide 
an annual yield of 47,000 metric tons ac- 
cording to researchers at the NMFS 
Southeast Fisheries Center’s Pascagoula 
Laboratory. The best catches were made 
in depths of 60-80 fathoms in the spring 
and 100-120 fathoms in the fall. 

While there is potential for a new fish- 
ery, fishermen do face problems due to 
product perishability, high cost of vessel 
conversions, and uncertainty of markets. 
Production and economic information 
is available from the Pascagoula (Miss.) 
Laboratory of the NMFS Southeast 
Fisheries Center. 





Ecuadorean Shrimp 
Culture and Exports 


Introduction 


Ecuadorean shrimp farmers reported 
increasing difficulty in obtaining post- 
larvae to stock their ponds since March 
1985. More recent reports from Ecuador 
indicate that the problem had reached 
crisis proportions by late summer and 
that an increasing percentage of the 
country’s estimated 60,000 hectares of 
ponds were dry because of this shortage. 

About 80 percent of Ecuador’s shrimp 
production is farmed and it is possible 
that production and exports of shrimp 
declined 25 percent or more during the 
second half of 1985. Unconfirmed re- 
ports suggested that the Ecuadorean 
Government was considering a closed 
season on postlarvae collection and ex- 
port of shrimp, which it may implement 
in 1986 to allow natural stocks to re- 
cover. If such a policy is implemented, 
it could have an adverse impact on that 
nation’s shrimp shipments to the United 
States in 1986. 


Shrimp Production 


Ecuador’s shrimp industry has 
achieved spectacular growth since 1975 
because of the rapid expansion of 
shrimp farming. Production increased 





Note: Unless otherwise credited, material 
in this section is from either the Foreign 
Fishery Information Releases (FFIR) com- 
piled by Sunee C. Sonu, Foreign Report- 
ing Branch, Fishery Development Divi- 
sion, Southwest Region, National Marine 
Fisheries Service, NOAA, Terminal Is- 
land, CA 90731, or the International Fish- 
ery Releases (IFR), Language Services 
Biweekly (LSB) reports, or Language Ser 
vices News Briefs (LSNB) produced by the 
Office of International Fisheries Affairs, 
National Marine Fisheries Service, 
NOAA, Washington, DC 20235. 











from only 5,800 metric tons (t) in 1975 
to an estimated 36,600 t in 1983 (Table 
1), making Ecuador the world’s leading 
producer of farmed shrimp. Investors in 
Ecuador continued to build ponds in 
1984, enlarging the country’s capacity 
to culture shrimp. The Government 
authorized the construction of a record 
24,000 hectares of new ponds in 1984 
(Table 2). Although complete statistical 
data was not available, shrimp produc- 
tion in 1984 leveled off and probably 
declined slightly to about 32,000 t. Most 
of the 1984 decline was reportedly due 
to a poor trawler catch. Statistical data 
on farmed production was also not avail- 
able, but most observers were probably 
at or slightly below 1983 levels. The 
leveling off of the industry’s growth has 
been primarily caused by the growers’ 
inability to obtain adequate supplies of 
postlarval shrimp for stocking the 
ponds. The increasing tendency of some 
growers to raise their shrimp to larger 
sizes and to use lower stocking densitites 


‘Actual statistical data is difficult to evaluate as 
many growers altered production data submitted 
to the Government in an effort to obscure various 
illegal practices such as under-invoicing export 
shipments and — through neighboring 
countries, especially Pe: 


Table 1.—Ecuador’s shrimp production in live 
weight', 1975-84. 


Production 
(1,000 t) 





Production 


Year (1,000 t) 





1975 
1976 
1977 
1978 


1979 12.5 





‘Source: FAO “Yearbook of Fishery Statistics” for 
1975-83 data and the Ecuadorean Undersecre- 
tariat of Fisheries for 1984 data. 

2E = Estimated. 


may have also affected 1984 pond pro- 
duction. 


Postlarvae Sources 


Ecuadorean growers rely almost en- 
tirely on postlarvae, collected in the 
wild by artisanal fishermen, to stock 
their ponds. This dependence on wild 
stocks makes the growers vulnerable to 
shortages resulting from the seasonal 
availability of wild postlarvae. This 
problem has prompted some of the 
larger growers to build hatcheries. Over 
30 major hatchery projects are either in 
operation or in various stages of con- 
struction. Unconfirmed reports in- 
dicated that more hatcheries would be 
constructed during the second half of 
1985, and that in 1986 possibly as many 
as 20 would be built. Despite these am- 
bitious plans, only a few of the func- 
tioning hatcheries are used to stock the 
ponds of the company which built the 
hatchery. Most other growers are thus 
still dependent on wild-collected post- 
larvae and are affected by the current 
postlarvae shortage. 

Some scientists have speculated that 
the collection of billions of postlarvae 
in the wild could be affecting shrimp 
stocks. To date, however, no one has 
demonstrated that the postlarvae collec- 
tion has adversely affected shrimp 
stocks. The Government is convinced, 
however, that the destruction of man- 
grove areas, the principal nursery 
habitat, has had a discernable impact on 
shrimp stocks. 


Postlarvae Scarcity 


Shrimp postlarvae off Ecuador nor- 
mally become scarce each April or May 


Table 2.—Ecuadorean authorization for shrimp ponds, 
1980-84 (Source: Banco Central del Ecuador). 





Hectares authorized by Province 





Grand 
total" 


El Man- Esmer- Los 
Guayas Oro abi aldas_ Rios 





4,948 625 102 50 
12,992 3,578 461 456 

9,486 2,055 686 172 
10,438 876 859 372 
20,195 2,551 1,230 401 3 


9,685 


5,725 
17,487 
12,760 
12,544 
24,412 


3,338 


Total' 58,419 1,451 35 72,928 





‘Totals may not agree due to rounding. The actual area of 
all constructed ponds was believed to be about 60,000 hec- 
tares in late 1984. 


Marine Fisheries Review 





and remain so until October or Novem- 
ber. In 1985, the usual seasonal decline 
in the availability of postlarvae was un- 
usually severe. Even early in 1985, 
when the postlarvae should still be 
normally plentiful, artisanal fishermen 
did not find as many postlarvae as usual. 
In late March and early April 1985, the 
availability decreased precipitously and 
continued to worsen. Ecuadorean scien- 
tists are not sure what caused this, but 
most believed that it was related to low 
sea temperatures. 

In March 1985, abnormally cold 
water appeared off Ecuador and growers 
reported the most severe shortage of 
wild postlarvae ever experienced. Ecua- 
dorean scientists measured water tem- 
peratures at 20-21°C, compared with 
normal August temperatures of about 
24°C. This was the coldest water to ap- 
pear off Ecuador for sustained periods 
of time in several years. The colder 
water has reportedly affected shrimp 
spawning, especially for Penaeus vanna- 
mei and P. stylirostris. 

The artisanal fishermen collecting 
postlarvae report not only the sharply 
reduced availability of shrimp postlarvae 
in general, but especially those of the 
desired species. The batches of post- 
larvae being collected in mid-year re- 
portedly had exceptionally low concen- 
trations of P- vannamei. One estimate 
suggested that less than 15 percent of the 
postlarvae being delivered by the arti- 
sanal fishermen was P. vannamei, 
whereas the normal proportion is about 
70 percent. A later report from Guaya- 
quil suggested that the situation was 
worsening. Postlarvae which used to sell 
for $3 per 1,000 were hard to find, even 
at prices of $15-25 per 1,000. Ecuador- 
ean growers were contacting hatcheries 
in the United States and in other coun- 
tries to locate any available P. vannamei 
postlarvae. 

The northernmost Provice of Esmer- 
aldas, where seawater temperatures had 
stayed warmer, appeared to be an excep- 
tion to the general trend. Growers re- 
port that gravid female shrimp con- 
tinued to spawn and that postlarvae were 
still available there. Unfortunately, the 
shrimp stocks off Esmeraldas were not 
adequate to stock over 50,000 hectares 
of ponds. Only a few ponds had been 
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built in Esmeraldas and its distance and 
isolation make it difficult to transport 
the postlarvae to the ponds in the south. 
In addition, Esmeraldas authorities at- 
tempted to prevent the transportation of 
postlarvae out of the province. 

Ecuadorean hatchery owners were 
also reporting a declining availability of 
postlarvae. One unconfirmed report 
suggested that even with all the new 
hatcheries, postlarvae production dur- 
ing the first 6 months of 1985 had been 
lower than in 1984. The cause of this 
decline is unknown, but is probably at 
least partially related to the colder sea- 
water temperatures. The hatcheries rely- 
ing on wild-caught gravid females had 
been unable to continue production 
because fishermen were not finding any 
gravid females. Some hatcheries were 
trying to maintain production by import- 
ing nauplii to raise to the postlarval 
stage. Even those hatcheries doing 
maturation work, however, had declin- 
ing postlarvae production. 

Hatchery managers report a variety of 
problems which have affected their post- 
larval production. Most Ecuadorean 
hatcheries are located near Salinas and 
Manta where the quality of the seawater 
is ideal. Most hatcheries were not 
equipped to heat the water since they did 
not anticipate that such cold water would 
appear. One local observer also spec- 
ulated that the colder water may have 
changed the composition of the algae 
and bacteria in the water, thus affecting 
hatchery production. The hatchery 
operators had apparently not been able 
to adjust to the new conditions. Those 
changes supposedly complicated efforts 
to deal with the continuing problem the 
hatcheries have had in controlling dis- 
eases. Some of the early 1985 decline 
in postlarval production was caused by 
a disease problem at one of the coun- 
try’s major hatcheries. Some observers 
believed that hatchery production would 
be sharply higher by the end of the year, 
but that was still far from certain. 


Impact on Growers 


Reports vary as to the seriousness of 
Ecuador’s situation, but all available in- 
formation suggested that the postlarvae 
shortage would cause a major decline 
in Ecuadorean shrimp exports to the 


United States during the second half of 
1985. The March-April decline in the 
availability of postlarvae was only be- 
ing felt by U.S. shrimp importers by 
summer. Growers produce shrimp on a 
105- to 120-day growing cycle. Reports 
of unusually high numbers of dry ponds 
began to appear in April and May. Some 
growers had stocks of postlarvae in nurs- 
ery ponds to stock their growout ponds, 
but even those supplies of postlarvae 
were exhausted. Shrimp exporters had 
reportedly been drawing on frozen 
shrimp inventories to maintain ship- 
ments. As a result, the impact of the 
postlarvae shortage was beginning to be 
felt in export markets by late summer. 

The following information concern- 
ing the Ecuadorean situation has been 
obtained by the NMFS Branch of For- 
eign Fisheries Analysis. 

Galo Bustamente of the Centro de 
Desarrollo Industrial” (CENDES) re- 
ported in June i285 that only about 40 
percent of the country’s shrimp ponds 
were in production. Bustamente said 
that CENDES was cooperating with 
various Government and industry 
groups to organize a conference in Gua- 
yaquil to discuss how Ecuador’s shrimp 
resource could best be protected. 

The owner of a shrimp farm near 
Guayaquil claimed that his 1985 shrimp 
production (January-July) was about 
equal to production during the same 
period in 1984. He said, however, that 
as of July, 7 of his 27 ponds were dry 
and he believed that shipments in July 
and August would be off by about 10 
percent; by January 1986, however, 
shipments could decline as much as 50 
percent. He was hopeful that perhaps as 
early as November 1985, wild-collected 
postlarvae would become more avail- 
able, but this would depend on several 
unpredictable climatic factors and, even 
if true, would not begin to affect export 
shipments until March 1985. 

The manager of one of Ecuador’s 
major shrimp companies agreed that 
shrimp production during the second 
half of 1985 would be substantially 
below 1984 levels. He estimated that 


2Mention of trade names or commercial firms does 
not imply endorsement by the National Marine 
Fisheries Service, NOAA. 





about 25 percent of Ecuador’s ponds 
were dry by July 1985 and believed that 

the second half of 
1985 would be about 35 percent lower 
than during the comparable period in 
1984. 

One Guayas Province grower reported 
in early August that over half the ponds 
in his area were dry and that the per- 
centage was increasing. Growers were 
then the ponds stocked in 
March and April; only a few of the har- 
vested ponds were being restocked. 

Press reports from El Oro Province 
in late June 1985 indicated that some 
shrimp growers were closing their farms 
because of the postlarvae shortage. 
Shrimp farmers in the Province were 
petitioning the Government to work out 
a formula to supply available postlarvae 
from Esmeraldas Province to growers in 
El Oro and other provinces. 

Guillermo Lasso, President of Finan- 
ciera del Sur (FINANSUR), an impor- 
tant Ecuadorean financial institution, 
stated in late May 1985 that about half 
of the country’s shrimp ponds were out 
of production because of the postlarvae 
shortage. And, an Ecuadorean Govern- 
ment official estimated that the export 
decline during the second half of 1985 
would be about 20-25 percent. Shrimp 
is Ecuador’s leading nonpetroleum ex- 
port commodity and the Government 
has been concerned about the declining 
shrimp production. The official recom- 
mended that further construction of 
ponds be restricted until the postlarvae 
shortage could be resolved. He be- 
lieved, however, that while 1985 might 
be a difficult year, natural cycles and in- 
creased hatchery production should 
make 1987 a “fantastic” year for shrimp 
growers. 

Other observers report widely diver- 
gent estimates of dry ponds. Eyewitness 
accounts suggest that anywhere from 
40-70 percent of Ecuador’s ponds were 
dry in early August 1985. As the post- 
larvae were becoming increasingly 
scarce, this percentage was expected to 
almost certainly increase in September. 

Another Guayas Province grower 
claimed that the number of dry ponds 
was not the only indicator of the post- 
larvae problem. Many growers had re- 
portedly been stocking ponds at low 
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densities and had stopped supplemen- 
tal feeding to cut costs. As a result, 
yields in even those ponds stili in oper- 
ation may be substantially below 1984 
levels. 


Exports 


Ecuador exports about 80-90 percent 
of its shrimp harvest to the United States 
(Table 3). Those shipments have in- 
creased from only 3,700 t in 1975 to 
21,100 t in 1984 (Table 4). Ecuador has 
become the second leading supplier 
(after Mexico) to the U.S. market. Un- 
til the current postlarvae shortage be- 
gan, some Ecuadorean growers were 
predicting that Ecuador could overtake 
Mexico as the most important supplier 
of shrimp to the U.S. market. U.S. im- 
port statistics for the first half of 1985 
showed that Ecuadorean shrimp ship- 
ments to the United States totaled 10,300 
t, only slightly less than the 11,000 t of 
shrimp received from Mexico during 
that period. Ecuador exports smaller 
amounts (about 720 t in 1984) to Japan. 

Ecuadorean shrimp exports to the 
United States declined in 1984, the first 
drop since 1977 (Table 4). That decline 
may have been partly due to the scar- 
city of postlarvae, but increased smug- 
gling through Peru may have affected 
the statistics, as the Ecuadorean-origin 
shrimp would be recorded as imports 
from Peru. Export shipments to the 
United States in 1985 fluctuated, with 
January and April below 1984 levels and 
February, March, and May above 1984 
levels. June shipments were about the 
same in both years (Table 5). Total ship- 
ments for the first half of 1985 were 
about equal to 1984 shipments during 
that same period. A 20-35 percent de- 
cline during the second half of 1985 
would have a major impact on Ecua- 
dorean exporters—an estimated $20-30 
million in export earnings could be lost. 


Government Regulations 


The Ecuadorean Government has 
been studying the solutions to the post- 
larvae problem. As a temporary meas- 
ure, the Junta Monetaria on 30 May 
1985 authorized shrimp growers to im- 
port both marine and freshwater shrimp 
larvae (regulation 256-85). Government 
agencies also initiated hatchery projects; 


Table 3.—Relative importance of Ecuador’s shrimp 
exports to the United States', 1975-84. 


Exports to the U.S.2 
Amt. (1,000 t) Percent? 
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ment of Commerce (adjusted by NMFS export data). 
2Calculated by the available product weight 
data (Table 4) to live-weight equivalents by multiplying 
by 1.6, the approxirnate conversion rate for shrimp tails 
to live weight. Almost all Ecuadorean shrimp exports 
to the United Siates are tails. 

3Percentages greater than 100 result from various 
Statistical anomalies such as the time jag between 
harvest and export and imprecision in calculating live- 
Pyare ris 

= Estimated. 


Table 4.—Ecuador’s shrimp exports to the 
United States in product weight', 1975-84. 





Exports 
(1,000 t) 


Year Year 





1975 
1976 
1977 
1978 
1979 


1980 9.2 
1981 11.2 
1982 16.4 
1983 23.3 
1984 21.1 





‘Source: Bureau of the Census, U.S. Department 
of Commerce. 


Table 5.—Ecuadorean monthly shrimp exports to the 
United States by quantity (product weight), 1980-85". 


Exports (t) 











Total®? 9,160 11,220 16,383 23,300 





‘These data do not include a significant, but variable, quan- 

ee ee 
Peru, to avoid Ecuadorean currency 

ae It is believed that these illegal shipments declined 

ee anon te inane be Onen xport reg- 

ulations. Source: Bureau of the Census, U.S. Department 

of Commerce. 

2NA = Not available. 

3Totals may not agree due to rounding. 
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the most advanced is the new Escuela 
Politecnica de Guayaquil (ESPOL) pro- 
ject at Manglaralto. Private hatchery 
construction is more advanced, but it 
will probably be several years before 
either Government or private hatcheries 
can fully supply Ecuadorean growers 
with postlarvae. The Government thus 
reportedly believes that it will have to 
act to safeguard wild shrimp stocks. One 
possible step would be to close the 
shrimp fishery (both collection of post- 
larvae and export of shrimp) during one 
growing season, probably for 3-4 
months. 

The Government has also given great 
attention to the emerging hatchery in- 
dustry. Hatcheries now have to register 
with the Government, and all new 
hatcheries require Government authori- 
zation. New regulations place restric- 
tions on sites, distance from neighbor- 
ing hatcheries, discharges, etc. The 
Government has also approved new 
regulations giving a 5 percent tax credit 
to those growers who build hatcheries 
capable of supplying at least 50 million 
postlarvae per year. 


Economic Impact 


The impact of the postlarvae shortage 
on the industry remains unclear. The 
few growers whose maturation hatch- 
eries are already in operation will be 
able to continue production. The larger 
companies without operational hatch- 
eries will be adversely affected, but have 
the economic resources to weather a 
short decline in production. The com- 
panies most affected will be the newer 
entrants which had to pay substantially 
higher prices for land and have mort- 
gages at high interest rates. Some of 
these companies (as well as some 
medium-sized companies) may fail if, 
as projected, export earnings declined 
by an estimated $20-30 million. If post- 
larvae failed to become more available 
in October-November 1985, production 
in 1986 could also be affected. The im- 
pact will depend on the degree of any 
continued scarcity of postlarvae, but a 
prolonged scarcity could have major 
repercussions on these companies. 
Smaller growers who have built ponds 
on their farms will probably be able to 
survive as they have other crops and are 
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not completely dependent on shrimp 
farming. 


Hatchery Industry 


The most significant impact of the 
1985 postlarvae shortage may be on the 
hatchery industry. The cost of building 
a small hatchery capable of producing 
10-15 million postlarvae per month 
ranges from $0.8-1.0 million. This cost 
and the previously inexpensive supply 
of wild-caught postlarvae discouraged 
most growers from investing in hatch- 
eries. The first hatcheries proved expen- 
sive for the growers that invested in 
them. It cost about $4-5 to produce 
1,000 postlarvae, while artisanal fisher- 
men were able to deliver postlarvae for 
about half that amount. The 1985 short- 
age of postlarvae has convinced virtually 
all major shrimp growers of the need to 
build hatcheries. 

The increasing price of postlarvae has 
also changed the economics of hatchery 
investments. At $3 per 1,000 postlarvae, 
hatcheries were not an attractive invest- 
ment, given the many technical diffi- 
culties associated with their operation. 
At 1985 prices of $15-25 per 1,000 post- 
larvae, many investors were increasingly 
viewing hatcheries as profitable invest- 
ment opportunities. One estimate sug- 
gests that it still costs about $4-5 to pro- 
duce 1,000 postlarve. Many hatchery 
managers believe that they can eventual- 
ly lower those costs. But even with costs 
of $5 per 1,000 postlarvae, hatcheries 
with postlarvae to sell could turn a sig- 
nificant profit. As a result, the 1985 
shortage should, in the long run, serve 
as a powerful stimulus to the already 
booming Ecuadorean hatchery industry. 


Forecast 


Prospects for 1986 were uncertain. 
Much will depend on climatic factors 
such as sea temperatures and precipita- 
tion which cannot be predicted. Grow- 
ers were hoping that wild-caught post- 
larvae would begin to become more 
available in October or November 1985. 
If this happened, shrimp harvests at near 
normal levels could be resumed by 
February or March 1986. Because many 
additional ponds have been built since 
1983, harvests above 1983 levels are 
theoretically possible. While postlarvae 


usually begin to appear in increasing 
quantities during late October or early 
November, it was far from certain they 
would in 1985. If cold water continues 
to persist off the coast, the scarcity of 
postlarvae may continue for some time. 
If so, Ecuadorean production could con- 
tinue to decline and 1986 shipments 
could be below 1985 levels. It is unlikely 
that the many new hatcheries will yet be 
able to fully supply growers if the scar- 
city of wild-collected postlarvae con- 
tinues in 1986. Industry sources con- 
tinue to stress, however, that with over 
60,000 hectares of shrimp ponds, Ecua- 
dor could produce about 70,000 t of 
shrimp per year if adequate supplies of 
post larvae were available. (Source: 
IFR-86/5ORI1.) 


Norway’s 1984 Fish Catch 
Down; Exports, Value Up 


Although the total 1984 Norwegian 
fish and shrimp catch was 14 percent 
below 1983 (2.5 million vs. 2.9 million 
t), fish and shellfish exports, other than 
round-frozen capelin roe, mackerel, and 
Greenland halibut, reached US$254 
million. The total export value was 
US$288 million, up from US$255 mil- 
lion in 1983, according to the Norwe- 
gian Information Service (Norinform). 

Overall, the herring fisheries (cape- 
lin, herring, brisling, mackerel, Norway 
pout, blue whiting, etc.) dropped 18 per- 
cent, and the cod fisheries were down 
from 1983 by slightly over 3 percent. Of 
the main fisheries groups, only shellfish 
showed a catch increase (slightly over 
9 percent) in 1984, owing to larger 
shrimp catches. 


Capelin 


Capelin, however, was the main rea- 
son for the overall catch decline. Re- 
duced reserves and more stringent 
quotas brought the capelin catch down 
36.7 percent to 944,000 t from 1,492,000 
t in 1983. In 1983, capelin accounted for 
more than 50 percent of the total Nor- 
wegian catch, but in 1984 its share was 
just 37.4 percent. 

The cod catch, 263,000 t, was down 
7 percent from 1983. In value, the cod 
fisheries are decidely Norway’s most 
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important at US$I1i million, more than 
US$33.3 million above the value of 
shrimp and capelin. The 1984 shrimp 
catch reached 82,000 t, a 9.3 percent in- 
crease over 1983 and the value rose by 
10.7 percent to US$80.2 million. That 
made the shrimp fishery Norway’s sec- 
ond most important, as capelin dropped 
to third place. 


Exports 


In 1984, 21,000 t of saithe and 19,888 
t of Atlantic salmon were exported, a 26 
percent increase. Other export figures 
were 25,000 t of shrimp, 5,700 t of ak- 
kar (small octopus), 4,400 t of haddock 
and cod, and 550 t of plaice. Redfish 
exports almost doubled, reaching 81 t. 
Norwegian fish were exported to 32 
countries, the biggest customer being 
West Germany with 11,900 t. 


Aquaculture 


The Norwegian fish culture industry 
exported goods valued at over US$122 
million. In 1984, Atlantic salmon was 
the most important at 22,000 t or 30 per- 
cent more than 1983. Over 90 percent 
of Norwegian salmon is exported. The 
EEC was the most important market but 
exports to the United States increased 
at the greatest rate. Last year saw a 
doubling of Atlantic salmon exports to 
the United States. 

The first-hand value of Norway’s sal- 
mon and trout for 1984 was US$106 
million, US$22 million more than in 
1983. However, some fish farm facilities 
are experiencing disease problems. In 
Lofoten, in north Norway, a disease call- 
ed “Hitra” has caused large losses for 
the producers and there are fears that it 
could spread northward. 

The Fisheries Directorate’s Ocean Re- 
search Institute in Bergen is studying 
fish disease problems and has produced 
important results. A treatment for sal- 
mon louse helped large sectors of the in- 
dustry. Also, a serum for vibriosis has 
been prepared, while progress has been 
made in combatting acid water. Sal- 
monid hatchery techniques have been 
improved, and a method was developed 
in 1983 for the farming of cod. During 
1984, 120,000 young cod were pro- 
duced, but too little is yet known about 
environmental conditions during their 
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early years. 

However, Institute Professor Dag 
Moller believes that the Norwegian fish- 
farming industry is too narrow and vul- 
nerable. He says that hatchery systems 
which reduce mortality, a comprehen- 
sive campaign against fish diseases, 
and, not least, the development of new 
farm fish species such as halibut, plaice, 
turbot, lobster, clams, and oysters will 
be the most important tasks in the time 
ahead. 


The Future 


Norwegian fisheries prospects in the 
next few years are reportedly better than 
they have been for a long time, mainly 
because the reserves of some of the most 
important species show considerable 
growth. After the recent difficult years 
of scant resources and strict quota 
regulations, there are now grounds for 
optimism, says Minister of Fisheries 
Thor Listau. 

Reserves of Norwegian Arctic cod 


and haddock are clearly increasing. The 
International Oceanographic Research 
Council recommended a small increase 
in the quotas for those species in 1985, 
and indicated substantial increases in 
later catch quotas. Catch quotas of 
300,000 t in 1986 and 600,000 t in 1987 
have been proposed for the Norwegian 
Arctic cod, and corresponding pro- 
posals for haddock were 100,000 t and 
180,000 t. 

Norwegian herring reserves are also 
increasing. Recent studies on the RV 
G.O. Sars in the Barents Sea indicate 
that stocks in the area are equal to 
more than 6 million hectoliters. Similar 
studies were carried out last year and 
the scientists say that the trend is very 
positive. Although some herrings are 
caught in the capelin fisheries, they sur- 
vived the winter of 1984 very well. The 
1983 year class is the most vigorous of 
the Norwegian spring spawning herring 
for the past 20 years researchers main- 
tain. 





Latin American 


All major Latin American fishing 
countries except Argentina reported im- 
proved fish catches in 1984. Latin Am- 
erican fishermen caught 10.8 million 
metric tons (t) in 1984, up 19 percent 
over the 9.0 million t taken in 1983 (Fig. 
1). The 1983 catch was severely de- 
pressed by the 1982-83 El Nifio event 
in the Eastern Pacific, one of the most 
devastating such events ever recorded. 

All of the major countries most af- 
fected by El Nifio (Chile, Peru, Ecua- 
dor, and Mexico), reported sharp catch 
increases in 1984. The 1984 catch was 
not far below the 11.3 million t catch of 
1982, the largest fisheries catch reported 
by Latin American countries since the 
collapse of the Peruvian anchovy fish- 
ery in 1972. Fishery officials in many 
of these nations believed that the 1985 
catch would be as large or even larger 
than the 1984 catch. The most impor- 
tant developments in the six largest 
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Latin American fishing countries are 
given below. 
Chile 

Chile is Latin America’s most impor- 
tant fishing country (Table 1). Chilean 
fishermen reported substantial catch in- 
creases in both 1982 and 1983. The 
country’s catch did not decline after the 
1982-83 El Nifio, but Chilean scientists 
are still concerned about the long-term 
impact of the event. 

Chilean companies have made major 
investments in recent years. They have 
had to adjust to the decline of the an- 
chovy fishery by redirecting fishing ef- 
forts to sardine and mackerel stocks. 
Private fishing companies have made the 
necessary changes in vessels, gear, and 
strategy with little or no assistance from 
the Chilean Government. Many vessels 
added to Chile’s growing fleet have been 
used vessels bought from hard-pressed 
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Figure 1—The Latin American 
fisheries catch, 1979-84. 
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Figure 2.—The 1984 Latin American 
fisheries catch by major nation in mil- 
lions of metric tons. 


Peruvian fishermen. The Chilean Gov- 
ernment has promoted diversification of 
the industry and several interesting pro- 
grams are underway, including demer- 
sal trawling off the southern coast, krill 
fishing with the Japanese, and various 
salmon and molluscan culture projects. 
The industry remains, however, domin- 
ated by the northern reduction industry. 


Peru 


Peruvian fishermen reported the larg- 
est 1984 catch increase of any Latin 
American country. Small pelagic stocks 
recovered sharply from the 1982-83 El 
Nifio event. The El Nifio and associated 
climatic and meteorological disturb- 
ances caused widespread destruction in 
coastal communities, damaging piers 
and other shore installations as well as 
roads and bridges needed to transport 
the catch. The fishing industry is still 
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Table 1.—Latin America’s fisheries catch, 1980-84. 





Catch (1,000 t) 








Bermuda? 
Brit. Virgin Ist. 
Cuba 
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US. Virgin Isl. 
Subtotal 


Central America 
Belize 


Argentina 
Bolivia 

Brazil 

Chile 
Colombia 
Ecuador 
French Guiana 
Guyana 
Paraguay 

Peru 


Suriname 
Uruguay 

Venezuela 
Subtotal 7,820.9 


Grand total 9,563.5 
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4,445.0 
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129.0 
280.1 
7,503.2 9,111.4E 


9,047.7 10,751.8E 





11984 data are available only for major countries. For other countries, 1983 data were used to obtain the totals 


and an indication of general trends. 


2These islands are not physically located in the Caribbean, but are included in the Caribbean totals for organiza- 


tional simplicity. 


ity 
3E = Estimated by the NMFS Foreign Fisheries Analysis Branch. 


recovering from that damage as well as 
adjusting to changes in species compo- 
sition. 

Unlike Chilean fishermen, Peruvian 
fishermen have not made the changes 
necessary to utilize the much larger 
mackerel stocks now found off Peru. 
The Instituto del Mar believes that the 
mackerel biomass may be as much as 
9 million t. Those stocks are now being 


fished by the Soviet Union and other 
communist countries outside the 
200-mile zones of Peru and Chile. 
Peru’s fishing industry is still domin- 
ated by the fishmeal industry which was 
nationalized in 1973. The Ministry of 
Fisheries has, for several years, financed 
the massive budget deficits reported by 
the state-owned fishmeal company 
(PESCA PERU), but administrative 
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changes implemented by Fisheries 
Secretary Ismael Benavides have at last 
enabled PESCA PERU to become 
profitable. Peru’s canning industry con- 
tinues to report serious economic dif- 
ficulties caused by the weak interna- 
tional market for canned sardines. Some 
companies are reporting considerable 
success with the new fishery for scallops 
and the developing shrimp culture in- 
dustry in northern Peru. 


Mexico 


Mexican fishermen reported a moder- 
ate catch increase in 1984. Much of the 
increase resulted from improved pelagic 
catches along the Pacific coast. Included 
in the 1984 total was a record tuna catch 
of over 80,000 t. Mexico launched the 
second phase of its major effort to 
develop the fishing industry which was 
begun in 1977. 


Development Plan 


The current 5-year National Fisheries 

and Marine resources development Plan 
(1984-88) is a much more modest plan 
than the original 1977-82 plan because 
of the country’s fiscal crisis which began 
in 1982. Under the latest plan, the Gov- 
ernment hopes to increase the fisheries 
catch from 1.1 million t in 1983 to 2.5 
million t by 1988. Major expansion is 
planned for the state-owned fishing 
company, Productos Pesqueros Mexi- 
canos. 
Most of the important fisheries con- 
tinue to be reserved for the country’s 
cooperative fishermen. Private invest- 
ors, however, would like to see the reg- 
ulations governing the cooperatives 
changed to allow more direct private in- 
vestment (such changes are being 
studied by the Congress). The Govern- 
ment estimates that the development 
plan should enable Mexico to increase 
export earnings from $570 million in 
1984 to $690 million by 1988. Some 
observers, however, point out that long- 
term trends in Mexican exports are 
unclear. 


Shrimp 


Shrimp is Mexico’s leading fisheries 
export commodity. It is not yet known 
if Mexico could significantly expand its 
shrimp trawler catch. Many observers 
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believe that shrimp stocks, especially 
those that support the more important 
Pacific coast fishery, are already being 
utilized at or near capacity. Mexico 
could conceivably increase shrimp pro- 
duction and exports by culturing shrimp, 
but legal constraints which prevent 
private individuals from culturing 
shrimp have restricted the industry’s 
development. Perhaps more important- 
ly, the expanding production of cultured 
shrimp and other market factors have 
caused a substantial decline in shrimp 
prices since early 1983. If prices remain 
low, Mexico will have difficulty meet- 
ing its export target of $690 million by 
1988. Other important export-oriented 
fisheries also face serious problems. 
Mexico continues to report difficulty ex- 
porting tuna, while abalone and lobster 
resources reportedly are declining. 


Brazil 


Brazilian fishermen reported a small 
catch increase in 1984. Many com- 
panies, however, reported sharply high- 
er earnings as a result of increased 
shrimp and lobster catches and exports. 
Brazilian scientists believe that both 
fisheries, especially the lobster fishery, 
were affected by the prolonged drought 
in northeastern Brazil. The 1984 rains 
reportedly resulted in increased catches. 

Exports to the United States, Brazil’s 
major market, totaled $132 million in 
1984, a 30 percent increase over the $97 
million shipped in 1983. Brazil con- 
tinues to attract foreign shrimp and tuna 
fishermen through various joint venture 
and leasing arrangements. The Govern- 
ment believes that one of the most 
promising prospects lies in the develop- 
ing shrimp culture industry. Officials 
believe that shrimp culture may even- 
tually emerge as a major component of 
the country’s fishing industry and has 
authorized over $13 million in loans for 
various shrimp culture projects. The 
Govermmnent is currently administering 
the second largest fisheries development 
program underway in Latin America. 
The $130 million program is partially 
financed by the Inter-American Devel- 
opment Bank. 


Ecuador 
Reports from Ecuador are incom- 


plete, but fishermen did report much 
better catches in 1984 than in 1983, 
especially for small pelagic species and 
tuna. The country’s most important fish- 
ery is shrimp, most of which is cultured. 
Shrimp trawler fishermen reported 
lower 1984 catches and most shrimp 
farmers reported production at or slight- 
ly below 1983 levels. The principal 
problem faced by the shrimp farmers 
reportedly was a shortage of postlarvae 
to stock the ponds. Many companies are 
now planning hatcheries to guarantee a 
reliable source of postlarvae. It will 
probably be several years, however, 
before hatcheries will supply a sizeable 
proportion of the approximately 24 
billion postlarvae that growers need an- 
nually. Many farmers reported reduced 
profit margins as a result of spiraling 
production costs. Industry spokesman 
are also disappointed that the new Gov- 
ernment had not made many changes 
that had been hoped for in fiscal and ex- 
port policy. 


Argentina 


Argentina has one of the worlds’ larg- 
est underutilized fisheries resource. The 
Government’s fisheries development 
program, however, has been com- 
plicated by continuing difficulties with 
the United Kingdom over the Falkland 
Islands. The British maintain a 150-mile 
Exclusion Zone around the Falklands, 
restricting both Argentine fishermen 
and Argentine efforts to limit foreign 
fishing in the area. 

The extensive foreign fishing, which 
has expanded since 1982, has been 
especially harmful to Argentina. Many 
countries fishing in the South Atlantic, 
especially Poland, market their catch on 
the international market in competition 
with Argentine companies. As a result, 
there has been a substantial decline in 
the prices received by Argentine ex- 
porters. Several Argentine companies, 
faced with declining export prices and 
spiraling domestic costs, have had to 
close. The one bright spot for Argen- 
tina has been the rapid growth of the 
shrimp fishery along the central coast. 
Several companies report that only the 
profits obtained in the shrimp fishery 
have allowed them to continue to 
operate. (Source: IFR-85/15.) 


Marine Fisheries Review 





Publications 


New NMFS Scientific 


Reports Published 


Some publications listed below may 
be sold by the Superintendent of Docu- 
ments, U.S. Government Printing Of- 
fice, Washington, DC 20402. Copies of 
all are sold by the National Technical 
Information Service, Springfield, VA 
22151. Writing to either agency prior to 
ordering is advisable to determine avail- 
ability and/or price (prices may change 
and prepayment is required). 


NOAA Technical Report NMFS 26. 
Darcy, George H. “Synopsis of biolog- 
ical data on the sand perch, Diplec- 
trum formosum (Pisces: Serranidae).” 
March 1985, iv + 21 p., 20 figs., 7 
tables. 


ABSTRACT 


Information on the biology and fishery re- 
sources of a common western Atlantic ser- 
ranid, Diplectrum formosum, is compiled, 
reviewed, and analyzed in the FAO species 
synopsis style. 


NOAA Technical Report NMFS 27. 
Sindermann, Carl J. (editor). “Pro- 
ceedings of the Eleventh U.S.-Japan 
Meeting on Aquaculture, Salmon En- 
hancement, Tokyo, Japan, October 
19-20, 1982.” March 1985, iii + 102 p. 
(15 papers.) 


NOAA Technical Report NMFS 28. 
Perrin, William F., Michael D. Scott, 
G. Jay Walker, and Virginia L. Cass. 
“Review of geographical stocks of 
tropical dolphins (Stenella spp. and 
Delphinus delphis) in the eastern 
Pacific.’ March 1985, iv + 28 p., 26 
figs., 4 tables, 2 app. 


ABSTRACT 


Information on geographical variation is 
reviewed for Stenella attenuata, S. longiro- 
stris, S. coeruleoalba, and Delphinus delphis 
in the eastern tropical Pacific, and bound- 
aries for potential ement units are pro- 
posed. National Marine Fisheries Service 
and Inter-American Tropical Tuna Commis- 
sion sighting records made from 1979 to 1983 
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which were outside boundaries used in a 1979 
assessment were examined for validity. Tag- 
ging returns and morphological data were 
also analyzed. Several stock ranges are ex- 
panded or combined. Three management 
units are proposed for S. attenuata: the 
coastal, northern offshore, and southern off- 
shore spotted dolphins. Four management 
units are proposed for S. longirostris: the 
Costa Rican, eastern, northern whitebelly, 
and southern whitebelly spinner dolphins. 
Two provisional management units are pro- 
posed for S. coeruleoalba: the northern and 
southern striped dolphins. Five management 
units (two of which are provisional) are pro- 
posed for D. delphis: the Baja neritic, north- 
ern, central, southern, and Guerrero com- 
mon dolphins. Division into management 
units was based on morphological stock dif- 
ferences and distributional breaks. 


NOAA Technical Report NMFS 29. 
Moser, Mike, Judy A. Sakanari, Carol 
A. Reilly, and Jeannette Whipple. 
“Prevalence, intensity, longevity, and 
persistence of Anisakis sp. larvae and 
Lacistorhynchus tenuis metacestodes 
in San Francisco striped bass.” April 
1985, iii + 4 p., 6 figs. 


ABSTRACT 


Thirteen hundred and seventy-three striped 
bass, Morone saxatillis, were collected from 
the San Francisco Bay-Delta area to correlate 
host diet with parasitic infections and to 
determine the prevalance, intensity, longev- 
ity, and persistence of larval Anisakis sp. 
nematodes and the metacestode Lacistorhyn- 
chus tenuis. There is an increase in the 
prevalence and intensity of Anisakis sp. and 
in the intensity of L. tenuis with increase of 
age of the host. These increases are probably 
related to the diet and the persistence of the 
parasites. The infections of both species are 
overdispersed. San Francisco Bay striped 
bass are an incompatible host for both 
species of parasites. Degenerated Anisakis 
sp. will remain in the host for at least 8 
months and L. tenuis metacestodes for 22 
months. The occurrence of several other 
species of parasites and a tumor are also 
reported. 


NOAA Technical Report NMFS 30. 
Shumway, Sandra E., Herbert C. 
Perkins, Daniel F. Schick, and Alden P. 


Stickney. “Synopsis of biological data 
on the pink shrimp, Pandalus borealis 
Kroyer, 1838.” May 1985, iv + 57 p. 
ABSTRACT 
This synopsis of the literature was design- 
ed to summarize the biological and biochem- 
ical studies involving Pandalus borealis as 
ae ee 
the fisheries data published before 
early 1984. Included are many unpublished 
observations, drawn from studies at the State 
of Maine Department of Marine Resources 
Laboratory in West Boothbay Harbor, 
Maine. 


NOAA Technical Report NMFS 31. 
Anderson, Emory D., John G. Casey, 
John J. Hoey, and W. N. Witzell. 
“Shark catches from selected fisher- 
ies off the U.S. east coast.” July 1985, 
iv + 22 p., 3 figs., 25 tables. 


CONTENTS 

Included are three articles: “Analysis of 
various sources of pelagic shark catches in 
the Northwest and Western Central Atlantic 
Ocean and Gulf of Mexico with comments 
on catches of other large pelagics” by Ander- 
son; “Estimated catches of large sharks by 
U.S. recreational fishermen in the Atlantic 
and Gulf of Mexico” by Casey and Hoey; 
and “The incidental capture of sharks in the 
Atlantic United States Fishery Conservation 


Zone by the Japanese tuna longline fleet” by 
Witzell. 


Improving Habitat 
for Fish and Anglers 


“Artificial Reefs,” edited by Frank 
M. D'Itri, has been published by Lewis 
Publishers, Inc., 121 South Main Street, 
PO. Drawer 519, Chelsea, MI 48118. The 
book, with both marine and freshwater 
applications, is divided into four parts: 
I, physical and limnological character- 
istics of artificial reefs; II, reef design 
and construction; III, artificial reef ecol- 
ogy; and IV, legal, economic, regula- 
tory, and organization considerations in 
reef siting and construction. Overall, the 
25 papers serve as an excellent overview 
of the history, current state-of-the-art 
and future prospects for man-made 
reefs. 

In Part I, papers review the history of 
artificial reefs in the United States, en- 
hancement of the marine environment 
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for fisheries and aquaculture in Japan, 
the ecology of natural shoals in Lake 
Ontario and their importance to artificial 
reef development, physical and geologi- 
cal aspects of artificial reef site selec- 
tion, and the physical and limnological 
characteristics of natural spawning reefs 
in western Lake Erie. 

Many of the earlier reports on ar- 
tificial reefs were often unpublished or 
published individually or in a “pro- 
ceedings” volume with limited availa- 
bility. This book, however, updates sev- 
eral of those studies and makes the data 
easily available to students, biologists, 
researchers, fisheries managers, etc. 

Part II includes papers on the plan- 
ning of artificial reefs in Japan, recent 
approaches in artificial reef design and 
applications, reviews of artificial reef 
programs in Hawaii, Virginia, and Lake 
Michigan; the use of scrap tires and fly 
ash from coal combustion for reef build- 
ing; and a review of mid-water fish ag- 
gregating devices (FAD’s). 

Part III, ecology, presents an update 
on the Smith Mountain Lake, Va., 
artificial reef project, and discussions of 
enhancement of fisheries habitat and ur- 
ban recreational fishing; density esti- 
mates of warm-temperature reef fishes 
associated with an artificial reef, a 
natural reef, and a kelp forest; a study 
of the biota, especially prey species, of 
naturally rocky area of southwestern 
Lake Michigan and what it means for 
artificial reef construction; and prelim- 
inary studies of an artificial reef as a 
fishery management strategy in Lake 
Michigan. 

Part IV includes discussions of Fed- 
eral responsibilities or approaches to 
regulating artificial reefs, sport fishing 
needs for artificial reefs, the economic 
impact of artificial reefs on Great Lakes 
sport fisheries, and a review of Florida’s 
artificial reef network and strategies that 
could enhance user benefits. The 589- 
page hardbound volume is available 
from the publisher for $49.95. 


Meanwhile, the Artificial Reef Deve!- 
opment Center, administered by the 
Sport Fishing Institute, 1010 Massachu- 
setts Ave., N.W., Suite 100, Washington, 
DC 20001, has initiated a very useful 
Technical Report Series on various 
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aspects of artificial reef construction, 
maintenance, etc. 

The first Technical Reports Series 1 
(24 pages), is “Permitting Procedures 
for Artificial Reefs” by Richard T. 
Christian, which provides an overview 
of the legal authorities of the various 
governmental agencies and their extent 
of involvement in permitting artificial 
reefs. It presents a step-by-step guide to 
the procedures that lead to the acquisi- 
tion of the required permits for reef 
construction. 

The second is “Artificial Reef Main- 
tenance” by DeWitt O. Myatt (30 pages, 
5 appendices), and is an excellent guide 
to long-term planning for the care and 
maintenance of the reefs, especially the 
buoys and markers which the U.S. Coast 
Guard classifies as “special purpose 
aids to navigation.” 

Number 3, “Liability Concerns in 
Artificial Reef Development” by 
Patricia R. Collins (26 pages, 1 appen- 
dix), deals with what has been a major 
constraint to some reef plans. There is 
little case law on the topic and the 
author presents a number of suggestions 
for such concerned parties as material 
donors, reef contractors, volunteer 
transporters, permittees, and involved 
agencies; a discussion of the National 
Fishery Enhancement Act of 1984 also 
addresses many of the concerns. 

Report 4 is “Transportation Costs of 
Artificial Reef Materials” by Richard 
T. Christian (19 pages), and recent data 
is presented from projec.s in 17 states. 
Transportation accounts for about 75 
percent of reef deployment costs, and 
depends on the type and amount of 
material, which also impinges on the 
type of transportation required. Poten- 
tial funding sources are also discussed. 
Report prices vary and they are available 
from the Institute’s Center. 


A Review of the 
Seaweeds of China 


China’s coastline (18,000 km mainland 
and 14,200 km islands) harbors about 
1,000 species of seaweeds over zones 
ranging from tropical to warm temper- 
ate. And the Chinese are among those 
who actively utilize seaweeds for food 


and medicine. At present, 45 genera 
representing a little over 100 species are 
of economic value in that nation, being 
used for food, medicine, fertilizer, and 
as the raw material for industrial pro- 
duction of phycocolloids (i.e., agar, 
algin, and carrageenan) and other prod- 
ucts such as mannitol and iodine. In- 
deed, records of the occurrence of Por- 
phyra and its food value appeared in a 
Chinese book published sometime be- 
tween 533 and 544 A.D. 

Now, “Common Seaweeds of China,” 
has been published by the Science Press, 
Beijing, China, in honor of the XIth 
International Seaweed Symposium held 
in Quingdao in June 1983. The hand- 
somely printed volume, a cooperative 
work by several phycologists, was edited 
by C. K. Tseng, Research Professor of 
Marine Biology, Institute of Oceanol- 
ogy, Academia Sinica, Quingdao, and 
it should serve as an excellent guide to 
the common marine flora of that region. 

Described are 512 species of Chinese 
seaweeds, including 66 species of the 
Cyanophyta, 226 species of the Rhodo- 
phyta, 1 species of the Xanthophyta, 115 
species of the Phaeophyta, 1 species of 
the Prochlorophyta, and 103 species of 
the Chlorophyta. Each species de- 
scribed is illustrated with excellent col- 
or photographs (mostly made in the 
natural habitat) and, in some cases, with 
detailed drawings and micrographs 
where needed to highlight particular 
details. However, a few common species 
were not shown owing to a lack of suit- 
able specimens, and, since the volume 
is not all-inclusive, there are no keys to 
the genera and species. 

The book begins with a systematic list 
of species and then presents “ecological 
photographs” of various species in their 
natural habitats and scenes of seaweed 
harvesting and culture. Then follow the 
plates and descriptions of the 512 
species, a selected bibliography, and an 
index. 

Descriptions of the seaweeds include 
external morphology, color, texture, 
habitat, occurrence in China, geograph- 
ical distribution, and internal structure 
and reproductive characteristics (when 
needed for identification). Also given 
are the uses of economically valuable 
seaweeds. 
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The hardbound 316-page volume is 
distributed and sold for $125.00 by 
Kugler Publications, PO. Box 5794, 
Berkeley, CA 94705, or, in The Nether- 
lands, by Kugler Publications BV, P.O. 
Box 516, 1180 AM, Amstelveen, The 
Netherlands. 


MANAGEMENT OF 
WILD SALMONIDS 


“Proceedings of the Olympic Wild 
Fish Conference,” edited by J. M. 
Walton and D. B. Houston, has been 
published by the Fisheries Technology 
Program, Peninsula College, 1502 E. 
Lauridsen Blvd., Port Angeles, WA 
98362. In this case, “wild fish” refers 
to the salmonids of the genus Oncorhyn- 
chus and Salmo of the Pacific coast. The 
editors note that some of these wild 
stocks have been either neglected, man- 
aged, or mismanaged almost to the 
verge of extinction, and the conference 
was held so fisheries managers and 
scientists could present their current 
management strategies, research find- 
ings, and agency philosophies, exchange 
ideas, and discuss and evaluate critical 
issues. Those objectives were attained 
to a surprising degree, with many of the 
papers providing interesting and some- 
times provocative ideas from a variety 
of perspectives. 

The volume is divided into seven ma- 
jor sections: Genetic differentiation of 
wild fish stocks, lake studies and man- 
agement strategies, agency management 
of wild fish stocks, the cutthroat trout, 
coho and chinook salmon, steelhead 
trout, and one on “perspectives.” The 
latter contains thoughtful papers on the 
“Social value of wild fish” by J. T. Mar- 
tin, and Bill McMillan’s review of “An 
angling community in change,” a look 
at one stream’s 25 years of change from 
a native steelhead fishery to a hatchery- 
dominated fishery, and the effects on 
angling techniques and ethics. 

In the first section are discussed the 
concept of a salmonid stock and the 
methods used to differentiate stocks and 
problems in gene resource conservation 
by J. D. McIntyre. Fred Utter-et al. 
discuss the genetic characterization of 
populations in the southeastern range of 
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sockeye salmon; R. R. Reisenbichler 
reviews “outplanting,” releasing hatch- 
ery fish at remote localities, and its 
potential for harmful genetic change in 
naturally spawning salmonids. J. H. 
Helle discusses “gene banks” for wild 
salmonid stocks and L. A. Riggs pres- 
ents a scenario for genetic resource 
management of salmon and sea-run 
trout. 

The second section presents discus- 
sions On management strategies for 
restoration and rehabilitation of sockeye 
salmon in Lake Ozette, Wash.., the early 
exploitation and current status of trout 
in Lake Crescent, Wash., and manage- 
ment prescriptions and classification of 
the lake fishery on Vancouver Island, 
BC. The third section presents discus- 
sions of the preservation of spring 
chinook in Puget Sound, Wash.; status 
and management of anadromous fish in 
Olympic National Park; James M. 
Johnston provided an administrator’s 
perspective of wild stock management; 
and G. S. Morishima provided a look 
at the inherent problems and tradeoffs 
involved in or impinging on wild fish 
management. 

And, the fourth through the sixth 
sections present papers on status, life 
history studies, habitat utilization, 
spawning strategies, and management 
programs for several stocks of cutthroat 
trout, coho and chinook salmon, and 
steelhead trout. In sum, the proceedings 
present a good look at several impor- 
tant if sometimes controversial aspects 
of the protection and management of 
wild salmonids. Copies of the 308-page 
paperbound volume are available from 
J. M. Walton at the Peninsula College 
for $15.00. 


Soviet Volume on Marine 
Productivity Translated 


“Oceanology: Biology of the Ocean. 
Volume 2. Biological Productivity of 
the Ocean,” M. E. Vinogradov, editor- 
in-chief, has been translated into Eng- 
lish and published as NOAA Technical 
Memorandum NMFS-F/NEC-34. Pa- 
per copies or microfiche are available 
from the National Technical Information 
Service, 5285 Port Royal Road, Spring- 


field, VA 22161 (write NTIS for current 
prices). 

Initially published by Nauka Press, 
Moscow, in 1977, the volume was trans- 
lated by Albert L. Peabody of the 
NMFS Foreign Language Services 
Branch. The English Version Editor was 
Ken Sherman, Director, NMFS Narra- 
gansett (R.I.) Laboratory, and Russian 
scientists cooperated in reviewing and 
correcting versions of the English trans- 
lation. 

Part 1, “Ecology of Marine Commun- 
ities,” includes chapters on the ecolog- 
ical concepts, the structure and devel- 
opment of pelagic, benthic, and coral 
reef communities in different global 
regions from several viewpoints, includ- 
ing the adaptive significance of school- 
ing in the sea. Primary and secondary 
production is discussed, as are ecosys- 
tem models. 

Part 2 focuses on “Human Activity” 
with a discussion on the potentials for 
increasing yields from fishery resources 
in Chapter I and the actual and poten- 
tial impacts of pollution on marine eco- 
systems in Chapter II. Altogether, the 
volume represents an extensive synthesis 
of Soviet literature dealing with marine 
ecosystems which is discussed in rela- 
tion to contemporary ideas of marine 
ecologists in other countries. An exten- 
sive listing of references in Russian and 
English which supports the synthesis is 
included. 


Methods of U.S. 
Shellfish Culture 


“Crustacean and Mollusk Aqua- 
culture in the United States,” edited by 
Jay V. Huner and E. Evan Brown, has 
been published by Avi Publishing Com- 
pany, 250 Post Road East, P.O. Box 831, 
Westport, CT 06881 (stock no. 443). In 
its 10 chapters, various authorities re- 
view the status, biology, and culture of 
such species as crawfishes, freshwater 
prawns, penaeid shrimps, homarid lob- 
sters, other crustaceans (blue and cancer 
crabs, spot prawn, spiny lobsters, and 
smaller shrimps), oysters ‘American, 
Pacific, European, and Olympia), clams 
(hard, manila, butter, littleneck, soft- 
shell, and surf clams), mussels, and 
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abalone. The tenth chapter discusses 
water quality—physical, chemical, and 
biological variables and pesticides and 
water analysis—for culture systems. In 
addition, it presents a short appendix on 
the life cycle, culture, and utilization of 
the brine shrimp, Artemia. 

Many factors influence the commer- 
cial profitability of shellfish culture 
operation in the United States. Most of 
the species discussed are valued rela- 
tively high among seafoods, although a 
few are also used as bait. However, only 
the freshwater crawfishes and oysters 
have yet been cultured on a profitable, 
large-scale basis within the United 
States. Several of the others, however 
(i.e., penaeid shrimps, abalones, and 
mussels), are cultured profitably else- 
where. 

For each species or group is discussed 
basic biology (life cycles, reproduction, 
growth, food habits), genetics, environ- 
mental requirements, diseases and para- 
sites, culture methods, processing, eco- 
nomics, hatcheries (where applicable), 
and the current status and future of the 
species’ culture in the United States. 
Several species are suggested as candi- 
dates for expanded culture programs. 
Each chapter provides a good, succinct 
review of each species’ culture and the 
volume should be a useful reference for 
those interested in shellfish culture. In- 
dexed, the 476-page hardbound volume 
is available from the publisher for 
$59.00. 


The Marine Fishes From 
Indonesia to Australia 


“Trawiled Fishes of Southern Indo- 
nesia and Northwestern Australia,” by 
Thomas Gloerfelt-Tarp and Patricia J. 
Kailola, has been published by the Aus- 
tralian Development Assistance Bureau, 
the Directorate-General of Fisheries, In- 
donesia; and the German Agency for 
Technical Cooperation. The volume is 
an excellent inventory of the ichthyo- 
fauna obtained by trawling in the waters 
from northwestern Australia through the 
island regions of Timor, Bali, Java, and 
Sumatra, during a regional fishery 
assessment project, JETINDOFISH, 
the Joint Eastern Tropical Ocean Fish- 
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ery Study from 1979 to 1981. Most trawl- 
ing was done between 20 and 250 m, 
although considerable work was done 
close to coral reefs. 

Altogether 1,266 sharks, rays, and 
bony fishes are described, encompass- 
ing 179 families. More than 130 of those 
species had not been recorded before 
from either Indonesia or Australia, and 
about 90 were new to science. The text 
provides identification guidelines and 
generic synopses to accompany the 950 
color photographs and about 232 draw- 
provided for the families, and references 
to appropriate literature are cited for 
each family. Identification data accom- 
pany each photo or illustration. Also in- 
cluded are drawings of fish anatomy and 
a glossary of terms utilized in fish 


identification. 

A 60-page species list provides data 
on the author and date of description, 
capture locality and distribution details, 
area from which all recorded specimens 
were obtained, and other pertinent data. 
General and specific references are 
listed in a 19-page bibliography. For 
many fishermen and scientists working 
on or with fishes of the region, the 
volume will be a handy reference. In- 
quiries on the availability of the 406- 
page volume should be directed to 
either: Heng, S.U. Pte. Ltd., Tong Lee 
Building, Block A, 35 Kallang Pudding 
Road 02-12, Singapore 1334; or The In- 
donesia Section, S.E.A.P. Branch, Aus- 
tralian Development Assistance Bureau, 
G.P.O. Box 887, Canberra, A.C.T. 2601, 
Australia. 





ICLARM Reports on 
Tropical Fisheries 


ICLARM, the International Center 
for Living Aquatic Resources Manage- 
ment, MCC PO. Box 1501, Makati, 
Metro Manila, Philippines, publishes 
several series of excellent reviews, tech- 
nical reports, studies, proceedings, 
bibliographies, etc. Number 8 in the 
ICLARM Studies and Reviews series is 
“Fish Population Dynamics in Trop- 
ical Waters: A Manual for Use With 
Programmable Calculators” by Daniel 
Pauly. 

Chapter by chapter, the author applies 
to tropical and subtropical fish and fish- 
eries methods covering length-weight 
relationships, mesh selection, growth, 
mortality, population size estimation 
(e.g., by tagging, virtual population 
analysis), yield-per-recruit assessments, 
stock-recruitment relationships, surplus- 
yield models, the rate of increase of 
populations, and aspects of multispecies 
stocks and fisheries. The program list- 
ing the user instructions of 30 programs 
for a programmable calculator are in- 
cluded, and the translation of those pro- 
grams for use with other types of 
calculators is discussed. Sixty computa- 
tional examples, including complete 
keystroke sequencees, are provided to 


illustrate the methods presented in the 
text. Included also is a list of symbols 
and their definitions, references, an 
author index, and a program card hold. 
The paperbound volume costs $25.00 
(airmail) and the hardbound volume is 
$29.50 (airmail). U.S. orders through 
ISBS should include $2.25 postage. 
Number 7 in the same series is 
“Caribbean Coral Reef Fishery Re- 
sources,” edited by J. L. Munro. The 
volume constitutes the full 18-part series 
originally published as No. 3 in the 
series Research Reports from the Zool- 
ogy Department, Univesity of the West 
Indies,” plus an epilogue reviewing pro- 
gress in coral reef fisheries research 
from 1973 to 1982. Following an intro- 
ductory review of the Caribbean reef 
fisheries by Munro, are chapters on the 
Jamaican fishing industry, areas inves- 
tigated and objectives and methods, and 
the composition and magnitude of line 
and trap catches in Jamaican waters. 
Then follow individual chapters which 
provide detailed accounts of the biology, 
ecology, and bionomics of such major 
taxonomic groups as squirrelfishes, 
hinds and groupers, jacks, snappers, 
grunts, goatfishes, butterfly and angel- 
fishes, parrotfishes, surgeonfishes, trig- 
gerfishes, and spiny lobsters, spider 
crabs, and other crustaceans. Finally, 
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Munro assesses information on the 
potential harvests of commercially im- 
portant reef fishes. In the epilogue, 
more recently developed stock assess- 
ment methods are used to reanalyze the 
data collected in the previous decade, 
and the advances made in that period are 
reviewed. Well illustrated, and with col- 
or plates of a dozen important commer- 
cial reef fishes, the volume provides a 
fine review of the region’s coral reef 
fishery resources. Paperbound copies 
are available from ICLARM for $16.00 
(surface mail) or $33.00 (airmail), and 
the hardback edition costs $19.50 (sur- 
face) and $37.00 (airmail). Like the 
other ICLARM publications, it is avail- 
able in the United States from Interna- 
tional Specialized Book Services, Inc. 
(ISBS), P.O. Box 1632, Beaverton, OR 
97075, using the “airmail” price. 

ICLARM Technical Reports 13 is 
“An Atlas of the Growth, Mortality 
and Recruitment of Philippine 
Fishes” by Jose Ingles and Daniel Pau- 
ly. The authors present the results of a 
detailed analysis (ELEFA program) of 
length-frequency data collected from 
1957 to 1981 throughout the Philippines, 
covering 23 families (including 34 
genera and 56 species) which represent 
112 stocks of commercially exploited 
finfishes. The results are presented in 
the form of 112 plates. For each stock 
is provided: An outline drawing of the 
species discussed (including scientific 
name, sampling location and date), a 
recruitment pattern used to infer season- 
ality of spawning and recruitment, and 
a graph where probabilities of capture 
are plotted against length to estimate 
mean length at first capture. For each 
stock, a brief legend provides the num- 
erical values of the estimates of growth, 
mortality, and exploitation rate; the 
source of the data used, brief comments 
on the biology of the fish, and sources 
of further information. (Price not listed 
but is available from both ICLARM or 
ISBS.) 

Recent ICLARM publications on ti- 
lapias include Bibliographies 6, “A Bib- 
liography of Important Tilapies 
(Pisces: Cichlidae) for Aquaculture” 
by Peter Schoenen. This new report lists 
published papers and reports on the 
following species: Oreochromis vari- 
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abilis, O. andersonii, O. esculentus, O. 
leucostictus, O. mortimeri, O. spilurus 
niger, Sarotherodon melanotheron, and 
Tilapia sparrmanii. For each species is 
listed a separate bibliography, complete 
with subject and geographic indexes, 
and lists of synonyms and misidentifi- 
cations. Paperbound, the volume costs 
$7.75 (surface mail) and $15.00 airmail. 

Published as ICLARM Techaical Re- 
ports 14 is “Experimental Rearing of 
Nile Tilapia Fry (Creochromis nilo- 
ticus) for Saltwater Culture” by Wade 
O. Watanabe, Ching-Ming Kuo, and 
Mei-Chan Huang. Presented are experi- 
ments made during 1983 at the National 
Sun Yat-Sen University, Institute of 
Marine Biology, Kaohsiung, Taiwan, 
which discuss the utility of early salinity 
exposure toward the saltwater culture of 
tilapias. (Price not listed.) 

ICLARM Technical Reports 16 is 
“Salinity Tolerance of the Tilapias 
Oreochromis aureus, O. niloticus and 
an O. mossambicus x O. niloticus Hy- 
brid” also by Watanabe et al. (Price not 
listed.) And ICLARM Conference Pro- 
ceedings 10 is the “Summary Report 
of the PCARRD-ICLARM Workshop 
on Philippine Tilapia Economics,” 
edited by I.R. Smith, E. B. Torres, and 
E. O. Tan. Ccnsisting mostly of ab- 
stracts of papers and reports of four 
working groups, the 45-page paper- 
bound item is free of charge from 
ICLARM. 

ICLARM Conference Proceedings 9, 
“Theory and Management of Trop- 
ical Fisheries,” edited by D. Pauly and 
G. I. Murphy, constitutes the results of 
an international workshop held jointly 
by the Fisheries Research Division of 
the Australian Commonwealth Scientific 
and Industrial Research Organization 
and ICLARM in Cronulla, Australia. 
The workshop was based on the prem- 
ise that tropical countries were in urgent 
need of a coherent body of rules ap- 
plicable to the management of their 
fisheries, many of which have been 
overfished. 

Presentations include reviews of mod- 
els in use or proposed, current research 
on stock assessment, and identification 
of major constraints on stock assessment 
and management. Other papers com- 
pare fish yields from a variety of trop- 


ical ecosystems, review the management 
of tropical multispecies fisheries, ex- 
plore the realities of fishery manage- 
ment in the Southeast Asian region, and 
suggest directions for future research in 
tropical multispecies fisheries. The vol- 
ume has indexes to geographical loca- 
tions, names of authors or discussants, 
and species or taxonomic groups. Paper- 
bound copies cost $17.50 (suriace) and 
$28.50 (airmail); hardbound copies cost 
$21.50 (surface) and $35.50 (airmail). 


Fisheries Technology 
Proceedings Published 


The “Proceedings of the Ninth An- 
nual Tropical and Subtropical Fish- 
eries Conference of the Americas,” 
compiled by Ranzell Nickelson II, have 
been published by the Marine Informa- 
tion service, Sea Grant College Pro- 
gram, Texas A&M University, College 
Station, TX 77843 as TAMU-SG-85- 
106. 

The volume contains 21 presentations, 
edited by their respective authors, re- 
lating to the unique problems of produc- 
tion, processing, packaging, distribu- 
tion, and utilization of tropical and 
subtropical fishery species. Contribu- 
tions range from a modified dilution 
procedure for bacterial examination of 
seafoods and the occurrence and distri- 
bution of Salmonella in the Suwanee 
River estuary to the repacking of fresh 
oysters, clams, and mussels, potential 
for problems with Plesiomonas shigel- 
loides, pianning for marketing jerky 
products, and processing and quality 
analysis of dehydrated seafoods. Other 
contributions discuss Salmonella sur- 
vival in deep-fat fried breaded shrimp 
(experimental contamination), compar- 
ative analysis of shrimp block thawing 
methods, developing vessel level grade 
quality standards for the shrimp indus- 
try, rapid determination of E. coli in 
Crassostrea virginica, effect of salinity 
on flavor of penaeid shrimps, nutri- 
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The Marine Fisheries Review publishes 
review articles, original research reports, 
significant progress reports, technical 
notes, and news articles on fisheries sci- 
ence, engineering, and economics, com- 
mercial and recreational fisheries, marine 
mammal studies, aquaculture, and U.S. and 
foreign fisheries developments. Emphasis, 
however, is on in-depth review articles and 
practical or applied aspects of marine 
fisheries rather than pure research. 

Preferred paper length ranges from 4 to 12 
printed pages (about 10-40 manuscript 
pages), although shorter and longer papers 
are sometimes accepted. Papers are nor- 
mally printed within 4-6 months of accep- 
tance. Publication is hastened when manu- 
scripts conform to the following recom- 
mended guidelines. 


The Manuscript 


Submission of a manuscript to Marine 
Fisheries Review implies that the manu- 
script is the author’s own work, has not been 
submitted for publication elsewhere, and is 
ready for publication as submitted. Com- 
merce Department personnel should submit 
papers under a completed NOAA Form 
25-700. 

Manuscripts must be typed (double- 
spaced) on high-quality white bond paper 
and submitted with two duplicate (but not 
carbon) copies. The complete manuscript 
normally includes a title page, a short 
abstract (if needed), text, literature cita- 
tions, tables, figure legends, footnotes, and 
the figures. The title page should carry the 
title and the name, department, institution 
or other affiliation, and complete address 
(plus current address if different) of the au- 
thor(s). Manuscript pages should be num- 
bered and have 1'4-inch margins on all 
sides. Running heads are not used. An 
“Acknowledgments” section, if needed, 
may be placed at the end of the text. Use of 
appendices is discouraged. 


Abstract and Headings 


Keep titles, heading, subheadings, and 
the abstract short and clear. Abstracts 
should be short (one-half page or less) and 


Editorial Guidelines for 
the Marine Fisheries Review 


double-spaced. Paper titles should be no 
longer than 60 characters; a four- to five- 
word (40 to 45 characters) title is ideal. Use 
heads sparingly, if at all. Heads should con- 
tain only 2-5 words; do not stack heads of 
different sizes. 


Style 


In style, the Marine Fisheries Review fol- 
lows the “U.S. Government Printing Office 
Style Manual.” Fish names follow the 
American Fisheries Society’s Special Pub- 
lication No. 12, “A List of Common and 
Scientific Names of Fishes from the United 
States and Canada,” fourth edition, 1980. 
The “Merriam-Webster Third New Interna- 
tional Dictionary” is used as the authority 
for correct spelling and word division. Only 
journal titles and scientific names (genera 
and species) should be italicized (un- 
derscored). Dates should be written as 3 
November 1976. In text, literature is cited as 
Lynn and Reid (1968) or as (Lynn and Reid, 
1968). Common abbreviations and symbols 
such as mm, m, g, ml, mg, and °C (without 
periods) may be used with numerals. Mea- 
surements are preferred in metric units; 
other equivalent units (i.e., fathoms, °F) 
may also be listed in parentheses. 


Tables and Footnotes 


Tables and footnotes should be typed 
separately and double-spaced. Tables 
should be numbered and referenced in text. 
Table headings and format should be consis- 
tent; do not use vertical rules. 


Literature Cited 


Title the list of references “Literature 
Cited” and include only published works or 
those actually in press. Citations must con- 
tain the complete title of the work, inclusive 
pagination, full journal title, and the year, 
month, volume, and issue numbers of the 
publication. Unpublished reports or manu- 
scripts and personal communications must 
be footnoted. Include the title, author, pagi- 
nation of the manuscript or report, and the 
address where it is on file. For personal 
communications, list the name, affiliation, 
and address of the communicator. 


Citations should be double-spaced and 
listed alphabetically by the senior author’s 
surname and initials. Co-authors should be 
listed by initials and surname. Where two or 
more citations have the same author(s), list 
them chronologically; where both author 
and year match on two or more, use lower- 
case alphabet to distinguish them (1969a, 
1969b, 1969c, etc.). 

Authors must double-check all literature 
cited; they alone are responsible for its 
accuracy. 


Figures 


All figures should be clearly identified 
with the author’s name and figure number, if 
used. Figure legends should be brief and a 
copy may be taped to the back of the figure. 
Figures may or may not be numbered. Do 
not write on the back of photographs. 
Photographs should be black and white, 8 x 
10 inches, sharply focused glossies of strong 
contrast. Potential cover photos are wel- 
come, but their return cannot be guaranteed. 
Magnification listed for photomicrographs 
must match the figure submitted (a scale bar 
may be preferred). 

Line art should be drawn with black India 
ink on white paper. Design, symbols, and 
lettering should be neat, legible, and sim- 
ple. Avoid freehand lettering and heavy let- 
tering and shading that could fill in when the 
figure is reduced. Consider column and 
page sizes when designing figures. 


Finally 


First-rate, professional papers are neat, 
accurate, and complete. Authors should 
proofread the manuscript for typographical 
errors and double-check its contents and 
appearance before submission. Mail the 
manuscript flat, first-class mail, to: Editor, 
Marine Fisheries Review, Scientific Publi- 
cations Office, National Marine Fisheries 
Service, NOAA, 7600 Sand Point Way 
N.E., Bin C15700, Seattle, WA 98115. 

The senior author will receive 50 reprints 
(no cover) of his paper free of charge and 50 
free copies are supplied to his organization. 
Cost estimates for additional reprints can be 
supplied upon request. 
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